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bor Greater Profits... Dump Him Now! 


Reduce dead weight by fabricating equipment 
with Inland’s low-alloy, high-strength HI-STEEL 


If you operate load-moving 
equipment—freight cars, trucks, 
busses, excavators—you can cut 
costs with units made of Inland 
Hi-Steel. One fabricator, who 
switched to this amazing low-alloy 
steel, increased stripper bucket ca- 
pacity 77%, while reducing weight 
23%. 

Hi-Steel’s high strength-to- 
weight ratio makes the difference. 


With nearly double the working 
strength of ordinary structural 
steel, and more than 50% greater 
ability to stand up under dynamic 
loads, lighter steel sections can be 
used without sacrificing strength. 
Profits mount through increased 
payloads . . . the result of Hi- 
Steel’s dead-weight reduction. 


Hi-Steel has other advantages, 
too. It has about five times the 


atmospheric corrosion resistance of 
ordinary steel, and is far more re- 
sistant to abrasion. It can be 
worked hot or cold, with little or 
no change from standard shop 
practice. 

To make larger tonnages avail- 
able to you, other companies are 
licensed to make Hi-Steel. Write 
for Bulletin No. 11. INLAND 
STEEL CO., 38 S. Dearborn St., 
Chicago, Ill. Sales Offices: Chi- 
cago, Davenport, Detroit, Indian- 
apolis, Kansas ‘City, Milwaukee, 


New York, St. Louis, and St. Paul. 


Hi-Steel meets the requirements of SAE Specification 950 


INLAND 


HI-STEEL 
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THE LOW-ALLOY, HI-STRENGTH STEEL 
Available in Many Forms 
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Improved Silicon-lrons for 


By Weston Morrill 

Head of Metallurgical Section 
Pittsfield (Mass... Works Laboratory 
General Electric Co. 


ITHIN an organization having as diverse 

interests as General Electric Co.’s, it is 
obviously an advantage to establish a general 
research laboratory where new materials, proc- 
esses and theories are initiated and studied; like- 
wise to maintain works laboratories which put 
these general findings into the materials and 
equipment for sale. This indeed is the situation. 
The “Research Laboratory” has been in Schenec- 
tady since 1905; at present there are 24 “Works 
Laboratories” attached to the various manufac- 
turing plants —three of them being established 
over 50 years ago. 

The Works Laboratories have four primary 
functions: (a) They carry on an extensive pro- 
gram of applied research and development, sup- 
plemented where necessary and desirable by 
basic research as applied to local problems. (6) 
They serve as materials and process engineering 
consultants to factory and design groups, and it 
is in this capacity that they are responsible for 
adapting all pertinent research and materials 
developments to General Electric’s needs. (c) 
They establish pilot plant operations so that the 
“bugs” may be worked out of new materials and 
processes before placing them in regularly sched- 
uled production. (d) They develop and control 
plant processes, establish specifications for pur- 
chased materials and police their specifications by 
tests upon raw materials. 

Operations of such a complete laboratory 
system may well be illustrated by the work that 
has been underway since 1903 on silicon-iron* 
alloys. Following their discovery in England 
about 60 years ago, commercial interest was not 
very great until the development of alternating 
current machinery, at about the turn of the cen- 
tury. In motors and transformers this material 


Electrical Equipment 


{ brief summary of a 15-year 
study of means whereby large crys- 
tals can be made to grow in trans- 
former sheet, at will, with axes 


pointed in a uniform direction. 


is used as thin sheets. It is lacking in ductility 
so it was first necessary to learn how to roll it. 
Next, its magnetic properties depend on (a) its 
chemical composition (so it was necessary to 
purify it) and (b) its crystalline orientation (so 
it was necessary to grow large crystals in the 
sheet, each crystal, if possible, with its cubic edge 
pointed in a given direction). These operations 
involved specialized heat treatments, so this phase 
of the manufacturing process has received inten- 
sive study. 

All these aspects of the problem have been 
influenced by metallurgists working with General 
Electric Co. In 1903 the first commercial heat of 
silicon-iron to be made in America was melted al 
the River Works of G. E. Co. in Lynn, Mass., 
and shipped to Allegheny Steel Co.’s plant in 
Brackenridge, Pa., for rolling into sheet. Wm. E 
Ruder, the present head of the metallurgical divi- 
sion of the central Research Laboratory, turned 
his attention to the material shortly after he 
*In shop parlance these are “electrical steels”, 
although metallurgically they are “irons” in view of 
their low carbon content and their metallography — 
ferrite crystals (body-centered cubic) without trans- 
formations during heating or cooling. 

tIn Dr. Rettaliata’s excellent review of “Low-Alloy 
Steels in the Electrical Industry” in Metal Progress 
last month, he states on p. 478 that “in 1906 a ton of 
3.25% low-carbon silicon-iron, the first large commer- 
cial heat, was produced in England”. This error in 
ascribing priority is only to be expected in a branch of 
industry wherein so much secrecy still exists as in the 
manufacture of electrical sheets. 
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joined the youthful organization in 1907, and 
discovered the fact that magnetic measurements 
on a large iron-silicon crystal depended on the 
direction of the magnetizing force —that is, the 
way the cubic crystal lined up in the test equip- 
ment.* The crystal, in scientific terms, is 
anisotropic. The outstanding contribution of 
General Electric’s laboratories to the present-day 
magnetic properties of silicon-iron sheet is the 
practical development and utilization of this 
anisotropic property of metals. 

In the body-centered cubic lattice structure 
of ferrous alloys the great magnetic superiority 
of the cube edge direction is illustrated by mag- 
netization curves typical of each of the three prin- 
cipal axes as measured on a single crystal of iron. 
While, as remarked above, this magnetic phe- 
nomenon of single crystals was discovered in our 
Research Laboratory many years ago, its practical 
utilization awaited a means whereby preferred 
crystal growth could be induced, in commercial 
practice, in multicrystalline materials. Such a 
system was discovered by Smith in England and 
Goss in this country, who demonstrated in 1933 
that, by a series of critical cold reductions and 
heat treatments, secondary grain growth of a pre- 
ferred type could be induced in 3% silicon-iron. 
Their process resulted in some 25% of the crystals 
having a cube edge parallel to the direction of 
rolling. The magnetic properties in that direction 
were quite phenomenal. 


Fig. 1 — Controlled Crystallization 


It was at this very typical point that the 
problem was handed to the Pittsfield Works Labo- 
ratory. We were asked to study methods of 
increasing the degree of preferred crystal orienta- 
tion to 100% and to alter, if possible, the type of 
preferred orientation. The first problem has been 
solved very satisfactorily; cooperative effort 
between our chemists, physicists and metallurgists 
has brought 95% of the crystals into alignment. 
The second problem — change of type of orienta- 
tion —is still under investigation through basic 
research on the mechanisms of crystal nucleation 
and growth. 

Since it was evident from the work of Smith 
and Goss that a preferred strain introduced by 
controlled cold rolling was not completely effective 
in guiding the growth of a majority of crystals 
to the desired orientation, some secondary oppos- 
ing force must exist. It was recognized that any 
existing differential, be it that of strains, chemical 
impurities, or temperatures, may prevent a satis- 
factory result, or induce an unsatisfactory crystal 
growth. Temperature differentials are easily con- 
trolled, and so could be eliminated as a factor. 
However, dissolved or atomically dispersed chemi- 
cal impurities, situated interstitially in the iron 
crystal lattice, might set up striated chemical 
strain. From the point of view of an embryo 
crystal just starting to grow, such strains would 
be indistinguishable from the preferred rolling 
strain. It was reasonable to assume, therefore, 

that the poorly oriented crystals in the 
products of Smith and Goss were misled 
at an early age by chemical strains. 

A reasonable move, based upon this 
deduction, was the preparation of pure 
iron-silicon alloys by vacuum melting 
techniques. Such materials, produced 
from hydrogen-fired electrolytic iron and 
99.9% silicon, had a total impurity level 
well under 0.1%. Unfortunately, when 
processed and heat treated by standard 
procedures, the final purified product was 
characterized by very uneven crystal 
growth and by very little improvement in 
the degree of preferred crystal orientation 
over that of the impure commercial 
materials! Here indeed was a first-class 
dilemma; one could not live with chem- 
ical impurities, nor yet without them! 

The mechanisms involved here are 
not well understood, even as yet, but 
certain deductions were possible. It had 
been fairly simple to establish that — 
at a given temperature level and under 


*See Fig. 9 on page 709 for an illustra- 
tion of how this is done. 
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most circumstances— well oriented crystals 
tended to nucleate somewhat faster than poorly 
oriented crystals. In other words, the energy dif- 
ferential before and after growth of well oriented 
crystals is greater than for poorly oriented crys- 
tals. This gave rise to the thought that certain 
impurities normally present in the commercial 
alloy act as energy barriers to the growth of poorly 
oriented crystals. Such barriers might retard the 
growth of poorly oriented crystals for periods 
long enough to allow the more powerful, well 
oriented crystals to complete their growth. In 
chemically pure alloy the absence of these energy 
barriers must have allowed the promiscuous 
growth of crystals of many orientations, although 
the preferred orientation predominated, due to 
its faster nucleating rate and higher energy 
differential. 

Of course, in the chemically pure material the 
absence of any misguiding chemical strain must 
be regarded as a favorable factor. The ideal com- 
mercial sheet, therefore, should have a complete 
absence of any impurities except those which act 
as deterrents to the growth of poorly oriented crys- 
tals. To isolate for individual study any one of 
the myriad of elements and compounds present 
in commercial metal, from merest traces to 
amounts of 0.2%, is obviously an impossible job, 
but I should like to illustrate for you the effects 
of one. 

The retarding effect of nitrogen on crystal 
growth is most interesting. The normal nitrogen 
content of silicon-iron is of the order of 0.0005%. 
As this amount is gradually increased to 0.0010%, 
the number of secondary crystals which will grow 
at the expense of the recrystallized matrix 
becomes fewer, their size becomes larger and their 
orientation more perfect. At some critical content 
near 0.0015% the growth-inhibiting effect becomes 
powerful enough to prevent the growth of any 
crystals, even the most perfectly oriented. (It 
should be remembered that silicon contracts the 
gamma-iron field in the equilibrium diagram, so 
that a 3% silicon alloy: possesses no allotropic 
modifications to cause lange crystals, formed dur- 
ing high-temperature annealing, to recrystallize 
on cooling.) 

This effect of nitrogen has been strikingly 
illustrated in Fig. 1. Using a piece from a regular 
commercial lot of silicon-iron as cold rolled, all 
of the area outside the G. E. monogram has been 
artificially nitrided, while the area of the letters 
and the circle were protected from nitrogen. In 
the subsequent heat treatment large, well-oriented 
crystals grew to fill the monogram, while no 
crystal growth developed in the background. 
When a phenomenon can be induced or inhibited 
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at will, it may be said to be reasonably under 
control. 

In addition to the vast amount of laboratory 
work in physical metallurgy and chemistry nec- 
essary to bring this type of oriented crystal growth 
under control, the metallurgists of the Pittsfield 
Works Laboratory, in cooperation with those of 
Allegheny Ludlum Steel Corp., operated a 50-ton 
openhearth furnace on an experimental basis for 
one year. The result has been the production of 
thousands of tons of silicon-iron strip having the 
best magnetic quality and lowest quality spread 
of any magnetic material ever produced in com- 
mercial lots. 

Before I leave this subject, I think the reader 
might be interested in the economic advantage 
of this high-quality silicon-iron alloy. Figure 3 
shows the progress through the years in reducing 
the energy losses in magnetic material for trans- 
former cores. The pictures show the effect on 
total weight and size of a 1.5-kva. transformer as 
its core is improved in quality. In the period of 
10 years a saving of 50% in steel, copper, insula- 
tion and oil has been effected by the introduction 
of cores having superior magnetic properties due 
to the development of a high degree of preferred 
crystal orientation. 

In the commercial production of these alloys, 
accurate heat treatment is a prime essential. Not 
only can certain undesirable impurities be 
removed by proper annealing (as, for example, 


Fig. 2— The Author in Magnetic Laboratory, Pittsfield W orks 








in purified hydrogen) but desirable impurities 
introduced (as, for example, nitrogen). Even the 
matter of stress relief around the edges of 
punched laminations must be done with discre- 
tion, else the surface will acquire undesirable 
characteristics. 

An example of the latter may be cited in 
studies undertaken at the Fort Wayne Works 
Laboratory to determine equilibrium constants of 
furnace atmospheres —an excellent example of 
the application of physical chemical theory to 
practical metallurgical problems. 

In the manufacture of fractional horsepower 
motors, as in most inductive apparatus, the con- 
trolling design factors are the magnetic properties 
of the core materials. These magnetic materials 


Fig. 3 


Iron From 1909 to Date, and Its Influence on Size and 
Weight of 1.5-Kva., 7200-Volt Transformers Since 1935 


Quality Development of Transformer Grade Silicon- 


must be cheaply yet effectively heat treated to 
relieve strain and eliminate chemical impurities, 
mostly carbon, and at the same time develop a 
satisfactory insulating oxide scale. It is the solu- 
tion of this heat treating problem to which the 
Fort Wayne metallurgists have applied themselves, 

One of the obstacles of such an investigation 
is the accurate analysis of the furnace atmosphere 
at operating temperatures. This was accomplished 
with some accuracy by making the analysis of the 
incoming gas for hydrogen, carbon monoxide and 
dioxide and water vapor, then using chemical 
equilibrium constants of the water-gas reaction to 
compute the amount of water vapor that would 
be formed at the elevated temperature. In this 
way the equilibrium composition under operating 
conditions could be calculated from 
the incoming gas analysis. However, 
since reactions between gas and steel 
will upset this theoretical composition, 
it has been necessary to design appa- 
ratus wherein hot furnace gases may 
be sampled and cooled quickly enough 
to maintain high temperature compo- 
sitions for Orsat analyses. 

Using this approach, equilibrium 
constants for the specific oxidizing, 
reducing, carburizing and decarburiz- 
ing components could be determined 
for various heat treating temperatures. 
Applied to silicon-iron samples under 
actual annealing conditions, it has 
been established experimentally that 
the calculated relationships are accu- 
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rate in determining the tendencies of 
the atmosphere to react with the metal. 
This work has led to the establishment 
of a quality control system for anneal- 
ing electrical sheet in a _ controlled 
atmosphere, so that a uniform core 
material with oxide film insulation and 
controlled carbide phase may be con- 
sistently produced. This method of 
attack may now be used to develop 
improved magnetic properties by suit- 
able study of atmosphere reactions 
during the heat treating cycle. 
These problems in improving 
silicon-irons for electrical equipment 
are illustrative of many of the con- 
tributions of the metallurgist to the 
electrical industry. Within the unique 
laboratory structure of General Electric 
such research and development proj- 








ects receive a maximum of encourage- 
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By Arthur K. Higgins 
Superintendent of Chemistry & Metallurgy 
Allis-Chalmers Mfg. Co. 

Milwaukee, Wis. 


A normal proportion of foundry losses becomes 


unendurable when making composite castings, 
such as the fixing of forged turbine blades into 
cast wheel segments, because of the high money 
value of the inserts. Nevertheless, the problems of 
forming a good alloy bond between cold insert and 
molten metal are susceptible of metallurgical anal- 
ysis. When the elements are understood and 


properly controlled, foundry losses can be reduced 


to 0.2% over long periods of time. 


T SOME TIME in its history, every progressive 
foundry is faced with a type of casting, out- 
side of normal foundry technique, but so attrac- 
tive for any of a number of reasons that 
development of unusual production methods 
seems reasonable. A not uncommon item of this 
type is a casting having prefabricated inserts 
included in its structure, either for strengthening 
vital portions, or for giving specialized properties 
to limited surface areas. It is true that the 
foundry is daily faced with a similar problem in 
its normal use of chaplets and internal chills — 
and, although these ordinary requirements are 
seldom severe, the scrap losses due to failure of 
the chaplets to bond may be disturbingly high. 
Examples of the foregoing techniques have 
been developed by some foundries for “casting in” 
cooling or heating coils into process equipment 
parts, for surrounding soft hubs with more wear 
resistant disks, for providing better wearing sur- 
faces on brake drums, for bonding of bearing 
materials to shells of higher strength, and for 
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Specialized Foundry Control 


for Composite Castings 







placing vanes and buckets of high alloy 
in wheels or rings of ordinary steels. In 
almost all of these applications we find 
that careful preparation and precise con- 
trol are essential if the operation is to be 
economically sound. 

Among problems of this type, few 
receive more critical inspection than the 
one of casting an alloy base around 
a group of prefabricated inserts that 
must bear tensile and fatigue loads. 
Requirements of this type of casting are 
extremely severe, since the junction 
between insert and base must be strong 
enough to equal the tensile strength of 
the insert itself, while at the same time 
the insert must not be adversely affected 
by the manufacturing process. A few 
small gas holes along the junction 
between insert and casting may be 
tolerated, but in no case may a part of the insert 
be melted or washed away. The necessary strong 
bonds between insert and casting will result only 
if the major portion of the insert’s surface is 
thoroughiy fused and alloyed with the base or 
surrounding metal. 

In the study of a problem of this type, the 
metallurgist will first deduce the requirements 
for the materials used. He will not consider the 
obvious need for adequate strength and resistance 
to corrosion, under conditions of normal opera- 
tion, since these needs are met by ordinary judg- 
ment of the engineers responsible for the design. 
The special requirements of metallurgical proper- 
ties must, however, be considered in detail. 

First, of course, the metal being cast must 
have a suitable melting point. It must not have a 
higher melting point than the insert used, for 
obvious reasons. It may have about the same 
melting point as the insert if the latter is of large 
cross section, but it is preferable that it be substan- 
tially lower than the melting point of the insert. 

















Secondly, the material being cast must not 
form tenacious surface films since such films tend 
to fold around the surfaces with which they come 
in contact, and prevent bonding. Typical exam- 
ples of this type of film-forming alloys are those 
containing aluminum (such as the aluminum and 
manganese bronzes) and copper-base alloys that 
contain chromium. When either alumi- 
num or chromium is present in the 
molten alloy, even in small amounts, the 
resulting bond with solid metallic inserts 
must be viewed with suspicion. 

A third requirement of equal impor- 
tance in highly stressed castings is that 
the cast metal must retain, as a residual, 
some gas-absorbing constituent, since 
some gases are inevitably adsorbed and 
combined on the surface of the insert. 
Phosphorus and silicon are fairly effec- 
tive in this respect, while magnesium and 
calcium — with their high affinities for 
most of the common gases — are partic- 
ularly good. 

The fourth requirement is that the 
casting metal must not form brittle inter- 
metallic compounds with the material of 
which the insert is made. If it does, 
mechanical failure of the bond will occur 
when the insert reaches its elastic limit, 
or has elongated enough to exceed the 
shear strength of any portion of the 
bond. As soon as shear has begun, it 
will continue until complete failure 
results. 

Undesirable combinations of insert 
and casting might be such pairs as tin- 
base or zinc-base alloys cast against 
copper-base inserts, high-phosphorus 
alloys against any of the steels, or high- 
aluminum alloys against copper alloy 
insert. Fortunately, the only one of 
these combinations that is likely to be 
considered is that of high-phosphorus 
alloys against steel. Good combinations 
are represented by the copper-base alloys 
with copper-nickel inserts, and some of 
the copper-nickel alloys with almost any 
of the steels. 

Where a satisfactory choice of metal pairs 
has been made and when optimum technique is 
used, a true alloying action can be expected, in 
the sense that the grain structure of the insert 
will determine the orientation of the surface 
layers of cast metal, and grain boundaries will 
continue across the casting-insert interface. 
Examples of satisfactory and unsatisfactory bonds 
are shown in the micrographs of Fig. 1 and 2. 


The material of which the insert is to be 
made is primarily dictated by design considerg. 
tions and by the corrosion resistance required — 
and, in turn, serves to influence the choice of base 
material. Having selected the materials for insert 
and for casting, the next step is the preparation of 
the inserts for the casting operation. 


Fig. 1 and 2 — Satisfactory and Unsatisfactory Bond Between 
Insert (Above) and Casting (Below). 100X. Note numerous 
small gas holes in casting, in addition to wide gap at interface 


Surface Preparation of Inserts 


The normal requirements are that the sur 
faces must be free from dirt, rust, or scale, and 
must not have heavy oxide or other chemical films 
that may react with the base material being cas! 
around them. Actually, the attainment of these 
conditions is not easy. If the insert is a common 
steel, it will be somewhat scaled (if heat treated), 
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and at the very least will have its surface con- 
taminated with oil, dirt and finger marks from 
handling and manufacturing operations. After 
a degreasing operation, steel surfaces should be 
carefully inspected for scale, particularly the 
rolled-in scale that may result from skin working 
passes on rolled bars or sheets that were not 
adequately pickled after the previous anneal. 
Usually a special etching technique must be 
developed to detect defects of this type. All pieces 
having rolled-in scale should be discarded. 

Following such inspection, the insert must 
be vigorously cleaned. Suitable methods are by 
electrolytic etching with the work as anode, by 
vapor blasting, or by any other similar process. 

If the material is resistant to rusting and 
atmospheric oxidation, it may be cast-in 
without further treatment. 

When it becomes necessary to protect 
the insert from rusting or oxidation, it is 
most satisfactory to plate the carefully 
cleaned surface with a noble metal. Silver 
has been used satisfactorily by us. Other 
materials might well be suitable, such as 
tin and nickel, but care must be taken to 
avoid metals such as chromium (which, 
because of its high modulus of elasticity, 
reduces the fatigue life of the insert). The 
volatile metals, zinc and cadmium, seem 
unsuitable because of their tendency to 
form gas holes during casting. 

For some applications — notably when 
casting steel inserts into gray iron — thin 
phosphate coatings seem suitable for the 
steel inserts. Other chemical protections, 
such as dipping in sodium chromate solu- 
lions, are not satisfactory, because the coatings 
break down at casting temperatures and liberate 
excessive amounts of gas. 


Molding Practice 


Proper foundry procedures for making cast- 
ings of this type are the most difficult to set up. 
Scrap must be kept at a minimum, because the 
value of the group of inserts included in a single 
casting may far exceed the cost of the cast metal 
and the making of the mold. It therefore becomes 
economical to apply foundry control that goes 
beyond normal practice. 

Since the sizes of composite castings may vary 
from a few ounces to several hundred pounds, no 
single mold design is suitable for all. We can, 
however, lay out certain principles of operation 
that are common to all. 

Because the surfaces of the inserts must be 
scrupulously clean, we may not use baked cores 
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around the inserts, since they deposit films of var- 
nish and oven smut on the inserts — unless the 
units are so large that the inserts may be cleaned 
by hand after the cores are baked. All the smaller 
assemblies, which make up the greatest bulk of the 
work, must be rammed up in green sand cores using 
clay binders rather than organics. Since the area of 
the core between the inserts is usually small, the 
green sand cores should be allowed to air-dry to 
some extent, so that less steam will be formed when 
molten metal enters. If a very wet sand is used, 
heat from the casting face added to the heat carried 
back along the inserts will generate steam at a 
greater rate than can be accommodated by the 
sand’s porosities, and “core blows” will result. The 
mold itself may be made of either green or dry 


— Casting Cavity 
Green Sand Core 





Fig. 3 — Diagrammatic Sketch of Proper Method 
of Molding for a Casting With Metal Inserts 


sand, since it is made before the core carrying the 
inserts is put in place. Such necessary conditions 
are sketched in Fig. 3. 


Gating the Mold 


Gating of the mold is extremely critical. Expe- 
rience has shown us that certain conditions apply: 

First, large amounts of metal must not flow 
past any insert, since — regardless of the temper- 
ature, as long as it is above the melting point of 
the cast metal —the liquid metal exerts a solvent 
action on the insert in much the same fashion as 
a cake of salt is eventually dissolved in the warm 
saliva of a cow’s tongue. 

Second, the cast metal must reach the surface 
of the insert with enough residual heat to remelt 
the chilled layer that forms at first contact with 
the cold surface. If this condition does not obtain, 
inevitable traces of gas adsorbed or formed on 
the surface of the insert cannot be absorbed by 














the still liquid metal, and bubbles will be formed 
along the surface of the insert, destroying the bond 
between it and the cast metal. 

If we are to insure these two conditions, the 
metal must enter the mold cavity at a point very 
near to its final position. This is not an easy 
condition to attain; however, two general consider- 
ations apply: (a) If the casting is short, it may be 
gated from both ends, with the gates so oriented 
that the entering metal does not impinge on any 
of the inserts. (b) If the casting is long or con- 
tains a large volume of metal, a fin gate of the type 
commonly used on test bars may be effective. It, 
too, should be placed to avoid directing the enter- 
ing stream against any insert. 

With the above gating principles in mind, it is 
possible to design a mold that will yield satis- 
factory results. Elimination of unsoundness due 
to shrinkage, and other casting difficulties are not 
peculiar to the problem at hand. 


Melting Requirements 


The preparation of the melt for casting follows 
usual foundry practice except that extreme care 
must be used to secure 
uniformity. Cleaned 
return-gates, as well as 
new metal used in the 
charge, should be weighed 
to allow precise control 
of deoxidation, since the 
success of the process 
depends to a large extent 
on the retention of trace 
amounts of the active 
deoxidizer in the melt at 
the time of pouring. 

If the melting is 
done under an open 
flame, control of furnace 
atmosphere must be good 
and, where possible, pro- 
portioning-type burner 
equipment with frequent 


analysis of the combustion products seems best — 
although excellent results have been obtained with 
less precise equipment. 

Time of addition of the deoxidizing materia] 
should also be controlled within narrow limits, 
preferably by clock, since losses vary as a function 
at the time. 

The final variable, pouring temperature, can 
nullify all of the preceding cautions if it is not 
properly controlled. Too high a pouring temper- 
ature will obviously melt the inserts. Too low q 
temperature will result in lack of bond, entrapped 
gas, and cold-shuts between the inserts. 

Proper temperatures will normally fall within 
a 50 to 70°F. range. Since the desirable temper- 
ature depends on the gate as well as the metal, 
consistent gating practice is imperative. 

The usual practice is to bring the pouring ladle 
to the floor with an excess temperature of 50 to 
100° F. The temperature is carefully followed with 
a pyrometer suited to the material, until the upper 
pouring limit is reached. Pouring is then started 
at once and continues until the pyrometer indicates 
that the lower pouring limit is reached. After this 
has been reached, no more castings are poured, 

even if half the metal 
remains in the ladle. 


Fig. 4— Examples of Monel Turbine This description of 
Blades With Cast Bronze Root Section 


the variables and con- 
trols involved may seem 
to indicate an almost 
impossible control sys- 
tem. Fortunately this is 
not true. It has been 
possible to operate for 
long periods of time with 
foundry scrap below 
0.2%, and with single 
months below 0.1%. This 
is far below normal scrap 
expectation in general 
foundry work, and indi- 
cates the possibilities 
where fundamental prin- 
cipies are understood. @ 
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The fatigue limit of S.A.E.1095 was determined 


for three conditions of heat treatment that resulted 


Fatigue Limit of S.A.E. 1095 


After Various Heat Treatments 


and an explanation based on micro- 
structure is offered.* 

Consider a plain hypereutectoid 
steel, S.A.E. 1095. As rolled, as cast, 
or as annealed, this steel has a relatively 
low fatigue limit: 30,000 to 50,000 psi. 
The strength can be greatly increased 
by quenching the steel in water but such 
quenched steel is almost hopelessly brit- 


in a hardness of Rockwell C-53: Water quenched tle. A compromise between high 


and tempered, austempered, and martempered and 
tempered. The fatigue limit for martempered speci- 
mens, 160,000 psi., was considerably higher than 
for the others, namely, 124,000 and 130,000 psi. 


S-Ndiagrams andtension-impact dataare presented. 


NGINEERS are constantly demanding better 

service from metals in modern machinery. 
Higher operating speeds necessitate smaller 
masses in moving parts and these smaller masses 
usually result in higher stress. Higher operating 
speed means a greater frequency of stress reversal. 
Higher stress and more frequent reversal of stress 
too often cause fatigue failure. The engineer can- 
not accurately calculate the fatigue strength of 
Steel. Therefore he must design on the basis of 
experimentally determined fatigue limits. 

Fatigue failure, fatigue limit and S-N curves 
are familiar terms to engineers and metallurgists. 
It is not the intention here to discuss or define 
these terms, but rather to show that the fatigue 
limit of a given steel may be increased by metal- 
lurgical means that do not depend on increased 
hardness. Experimental S-N curves are presented 
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strength and high ductility is usually 
obtained by tempering. Water (or oil) 
quenching followed by tempering is the 
standard procedure when high strength 
is desired. But other treatments, involv- 
ing interrupted quench, may be used. 

By proper choice of temperature 
and time, a given steel may be heat 
treated to the same hardness level in 
three ways: by water quenching and 
then tempering, by austempering, or by 
martempering and then tempering. At the same 
hardness, the tensile strengths are approximately 
equal. However, the resistance to fatigue failure 
may be influenced by the method of heat treat- 
ment. The experiments described here were made 
in order to determine the existence and magnitude 
of this effect, eliminating all variables except the 
method of heat treatment. Each specimen was 
checked to insure constant hardness and constant 
austenitic grain size. 

Specimen Size — S.A.E.1095 steel was obtained 
in the form of %-in. round, cold drawn drill rod 
with a spheroidized microstructure. Fatigue and 
tension-impact specimens were machined to the 
dimensions shown in Fig. 1 and 2. Fatigue speci- 





*Mr. Carreker conducted the tests for his thesis 
in partial fulfillment of requirements for the Master of 
Science degree at the University of Illinois. 
















mens were polished in successive stages through 
000 paper, with the final polish longitudinal. 
Heat Treatment — Specimens were packed in 
carburizing compound, previously established as 
inert with respect to this high-carbon steel. All 
specimens were austenitized for 1 hr. at 1500°F. 
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Fig. 1 — Krouse Fatigue Specimen 


before being quenched. This treatment produced 
a uniformly fine austenitic grain size (A.S.T.M. 
7 to 8). For austempering, the austenitized speci- 
mens were quenched into a lead-bismuth bath at 
550° F., held for 1 hr., and then cooled in oil. For 
martempering, the austenitized specimens were 
quenched into a lead-bismuth bath at 450° F., held 
for 75 sec., and then cooled in air. (Compare these 
points on the TTT-diagram of Fig. 3.) 

Both martempered and water-quenched speci- 
mens were tempered for 1 hr. at 550° F. and then 
cooled in oil. Each of these heat treatments pro- 
duced the same hardness, approximately Rockwell 
C-53, which corresponds to a tensile strength of 
about 270,000 psi. 

Test Procedure— Fatigue specimens were 
tested at 7000 r.p.m. in a Krouse high-speed 
repeated-stress machine, which employs the rolat- 
ing cantilever-beam principle. Tension-impact 
tests were made on a Riehle combination impact 
testing machine, using the 200 ft-lb. capacity and 
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Tension-Impact Specimen 


a striking velocity of 18.1 ft. per sec. All speci- 
mens were examined metallographically and by 
hardness tests to insure uniformity. 

Fatigue Limit — Figure 4 indicates that the 
resistance to fatigue failure of specimens heat 
trealed to the same hardness depends markedly 
on the heat treatment used to obtain that hard- 
ness. Conventional water quenching and temper- 


ing gave the lowest fatigue limit, 124,000 psi. The 
austempered specimens had a somewhat higher 
fatigue limit of 130,000 psi. By far the hizhes 
fatigue limit, 160,000 psi., was obtained with 
martempered and tempered specimens. 
Tension-Impact —In Table I are listed the 
results obtained from unnotched tension-impact 
specimens heat treated by each of the methods 
described. Austempered specimens were toughest: 
quenched and tempered specimens were poorest. 


Microstructure 


The variation in endurance limit is caused by 
the difference in microstructure produced by the 
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Fig. 3— TTT-Diagram for 1095 (U.S. Steel Corp.) 


three heat treatments. Davenport, Roff and Bain 
(@ Transactions, V. 22, 1934, p. 289) have reported 
that microcracks exist in such steels after quench- 
ing in water or oil. These microcracks are said 
to be caused by the very high thermal and trans- 
formational stresses that arise during quenching 
and the formation of martensite. The occurrence 
of microcracks and gross quenching cracks are 
direct evidence of the existence of regions of high 
stress within the metal. Low tempering tempera- 
tures, necessarily used when high hardness is 
desired, do not completely remove these micro- 
cracks or the stress concentrations. Either a small 
crack or a small region of high stress is an ideal 
spot for the fatigue fracture to begin. 

Davenport and co-workers pointed out that 
the austempering process reduced both thermal 
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and transformational stresses. Microcracks do 
not occur with such treatments. They reported 
also that austempered steels were superior in 
impact and fatigue tests to quenched and tem- 
pered steels of comparable hardness. 


Residual Stresses 


With the development of martempering, it 
became possible to produce a martensitic structure 
without inducing the extremely 
high stresses that usually accom- 
pany this transformation. The 


Summary 


It should be emphasized that the numerical 
values for the fatigue limits reported here apply 
only to the test conditions described. The steel 
selected, S.A.E.1095, is rather sensitive to quench 
cracking. A water quench was used. The extent 
of improvement by hot quenching would be 
expected to decrease as the hardness level 


Table I — Tension-Impact Test Results 








specimen temperature is essentially 

uniform throughout, so that trans- SPECI- liatiesidates Rockwe.t C| Fr- | % ELONGATION 

formation occurs randomly meus HanpNess | Ls. IN 1 IN. 

throughout the specimen, instead 1 | Water Quench and Temper 53.0 12 0 

of preferentially at the periphery. 2 | Water Quench and Temper 52.5 14 0 

Thus the volume change accom- 3 | Martemper and Temper 53.0 28 0 

panying the transformation is dis- 4 | Martemper and Temper 52.8 24 0 
‘buted if ho h h 5 Austemper 52.0 45 11 

tributed uniformly throughout the 6 Austemper 52.5 40 8 























specimen. The last portion to 
transform is not rigidly confined by 
the hard shell of prior transforma- 
tion, as in conventional quenching. 
The temperature drops so slowly 
that only a small portion trans- 
forms per unit time. These factors 


Fig. 4 — S-N Diagrams for S.A.E.1095 Treated in Three 
Ways: Water Quenched and Tempered, Austempered, and 
Martempered and Tempered. Each point represents one test 
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free from microcracks and regions 
of high stress concentration. 
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eration of microcracks and residual 
stresses, that both austempered and 
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martempered specimens should 
have higher fatigue limits than 
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same hardness. Our experiments 120 
confirm this expectation and also 
show that the martempered speci- 100 


mens are considerably better than 
the austempered specimens. Local- 
ized deformation by slip precedes 
fatigue failure. The yield strength 
of bainitic structures (formed by austempering) 
has been shown to be less than that of tempered 
martensitic structures of the same hardness.* 
Because of this difference in yield strength, the 
austempered specimens deform locally at a lower 
stress value than do the martempered specimens. 
Thus the austempered steel has a lower fatigue 
limit than the martempered specimens. 


**“The Industrial Applications of Austempering”, 
by E. E. Legge. Metals and Alloys, V. 10, 1939, p. 228. 
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104 10s 10s /07 
N, Number of Cycles to Failure 


decreases. These results were obtained using 
specimens designed to avoid stress concentrations. 
Practical designs rarely can employ such ideal 
conditions. Absence of residual stresses during 
transformation then becomes even more beneficial. 

These experiments indicate that the more 
expensive martempering heat treatment may 
actually prove economically advantageous when 
the fatigue failure of steel parts with high hard- 
ness is a problem. t ] 











Any book you may choose from the 
A.S.M. publications (except Handbook) 
for an acceptable item for these pages. 


Drilling Wery Hard Materials 


F a small hole must be made in a very hard alloy 

such as Duriron, Stellite, or some of the new 
alloys for gas turbines, a method used for glass 
lens blanks will give good results. The scheme 
is by no means new, but probably not widely 
known among metallurgists. 

The necessary equipment consists of a drill 
press, some diamond powder, and a short piece 
of copper tubing of proper diameter. The tube 
is slotted with a hacksaw, as 
shown in the accompanying 
sketch. The number of slots 
should be at least three, and 
may be more, depending on the 
size of the hole desired. It is 
important to taper the bottom of 
each segment. 

This copper tube then 
becomes a trepanning drill. A 
little diamond powder, mixed 
with olive oil, is smeared on the 
place where the hole is to be 
drilled. The particles of diamond 
become embedded in the soft 
copper and cut the hard surface 


of the metal being drilled; the 
teeth on the copper tube are | 
only slightly worn. The drill | - 


press handle should be weighted 

so that steady pressure is 

applied. Direction of rotation is opposite what 
would be proper if the teeth were harder than the 
work — that is, the copper teeth drag rather than 
gouge. In this way, diamond or carborundum 
dust in suspension is drawn into the wedge-shaped 
clearance between tooth-rake and work. 

If diamond powder is not available, car- 
borundum and water can be used. This takes 
longer unless a steady stream of the fluid can be 
directed on the work. 

This method has been used for cutting small 
holes in a Duriron corrosion specimen and gave 
excellent results. It took a long time, but it drilled 
a very fine, smooth hole. (Davin A. VERMILYEA) 
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Bits and Pieces 


Case Hardness “Pattern” 


HECKING of induction hardened parts for “pat. 
tern” generally requires considerable time and 
care when such parts are being cut with a friction 
wheel. This is especially true where odd sections 
or considerable lengths 
are involved, or where 
new jobs or setups must 

be checked. 

We have found that 
tempering at 950°F. 
enables us to saw the 
part readily. A _ light 
grind or polish smoothes 
the surface for etching. 
An ammonium persul- 
phate etch brings out the 
originally hardened zone 
in sharp contrast to the 
unhardened core. 

In the adjoining 
photograph the longitu- 
dinal section of a 7 x 1-in. 
pin has been so tempered. 
The transverse (circular) 
section has been cut — 
as hardened —with a 
friction wheel. The two 
shells show the same 

depth. From the tempered (longitudinal) speci- 
men it can be seen that the method can be utilized 
to determine easily the over-all hardness pattern 
of an induction hardened part. (F. V. Horak, 
metallurgist, Allis-Chalmers Mfg. Co.) 


A Tilting Stage for Leveling 
Metallographic Specimens 


HEN a metallographic specimen is placed on 

the stage of a microscope it frequently hap- 

pens that all areas of the field of view are not in 
focus at the same time. This is not too objection- 
able for visual examinations, since a slight adjust- 
ment in focus may be made while the specimen is 
being examined; however, for photomicrography, 
the entire field must be in focus at the same selling 
It is obvious that a device allowing the speci- 
men to be tilted to any desired angle would allow 
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the field to be adjusted so that it is normal to the 
optical axis. We have designed such an attach- 
ment for our microscope. Illustrated in the 
accompanying photograph, this leveling device is 
a simplified modifjeation of the universal stage 
that has been used on petrographic microscopes. 
The center ring that holds the mounted specimen 
is suspended on gimbals; the two axes of tilt allow 
the specimen to assume any angle desired. The 
largest of the three rings is seated in the normal 
stage opening. The adjustment is controlled by 
two thumbscrews, and the small springs on the 
opposite side keep the rings in contact with the 
control screws. 

Although in the illustration this leveling 
device is shown on the inverted stage of a hori- 
zontal metallograph, by making a suitable adapter, 
the leveler may be used also on a microscope with 
upright stage. A ring in which to seat the leveler 
may be held by two vertical supports at the ends 
of the usual metal slide that holds the specimen. 






The one disadvantage of this design, of course, 
is that tilting the specimen will change the dis- 
tance between the objective and specimen, thus 
necessitating refocusing, except when the inter- 
section of the two axes of tilt coincides with the 


optical axis. Although it would be desirable to 


eliminate this inconvenience, we have not found 
refocusing too troublesome. (E. C. Pearson, chief 
metallographer, Aluminium Laboratories Limited) 





Using Tempilstiks for Determining the 
Heat Losses of a Furnace 


N STUDYING the characteristics of a special 
high-temperature furnace, some information 
Was sought as to the temperature range and dis- 
tribution on the outside furnace walls. Explora- 
tion with a thermocouple was unsatisfactory 
because of the impossibility of getting sufficiently 
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close contact on an uneven or painted surface. 

The following simple~ procedure was then 
used to obtain accurate temperature-distribution 
curves in a minimum of time. 

Chalk guide lines were drawn traversing the 
furnace wall in four or more directions and inter- 
secting at the center. By the use of “Tempilstiks”, 
the temperature gradients along each guide line 
were easily found. The point at which any par- 
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ticular Tempilstik melted was measured along 
the guide line and the temperature and distance 
plotted on a scaled drawing of the furnace wall. 
The isothermal points were then connected on the 
graph, resulting in a contour map of temperature. 
Contour maps showing hot spots or cold areas 
(see cut) can be interpreted in terms of heat 
losses, and the design of the furnace can be 
revised so that a more nearly uniform distribution 
of temperature results. (Leo Satz, metallurgist, 
Schenectady Laboratory, General Electric Co.) 


Removing Carbonate From Copper 
Cyanide Plating Solutions 


NE of the problems arising in the use of cop- 

per cyanide plating solutions is the removal 
of carbonate from the bath. The accumulation of 
carbonate is inevitable because of the decomposi- 
tion of cyanide and the absorption of carbon 
dioxide from the air. 

Most methods far removing carbonate are so 
difficult or impractical that, in the past, valuable 
plating solutions often have been discarded and 
replaced with new solutions. However, we have 











found that carbonate can be removed efficiently 
and economically by adding to the plating solu- 
tion 0.6 oz. per gal. of calcium carbide for each 
ounce per gallon of carbonate. The calcium car- 
bide reacts completely with the water to produce 
calcium hydroxide, which reacts further, and 
acetylene, which escapes safely through the 
exhaust system: 
CaC, + 2H,O—Ca(OH), + C,H, 

Although calcium hydroxide is only slightly 
soluble in water, it does dissolve in the plating 
solution and thus precipitates carbonate as cal- 
cium carbonate: 

Ca(OH), + Na,CO,—2 NaOH + CaCO, 

Thus sodium hydroxide is formed in the 
bath, and the calcium carbide must be added in 
small enc »u portions so that the hydroxide con- 
tent will not be excessive. Theoretically, 0.8 oz. 
per gal. of calcium carbide should yield 1.0 oz. per 
gal. of sodium hydroxide. 

Certain mixtures of acetylene and air explode, 
but the exhaust system should safely remove the 
small amount of acetylene without danger if the 
carbide is added slowly. 

Technical calcium carbide costs $94 per ton 
or 4.7¢ per lb. The removal of 23 oz. per gal. of 
carbonate would require 23 X 0.46=13.8 oz. per gal. 
of calcium carbide. In a conveyer tank that con- 
tains 1600 gal., the 1380 lb. of calcium carbide 
required would cost $64.86. Technical calcium 
carbide is approximately 90% pure; the residue 
consists of free carbon and sulphides, which cause 
the solution to turn black temporarily. Overnight 
the black colloidal particles will settle to the bot- 
tom of the tank. The calcium carbonate precipi- 
tate will occupy about one tenth of the volume of 
the tank. The sediment should be removed but 
steel may be plated successfully in the supernatant 
liquid. 

A laboratory test made on 2 gal. of plating 
solution showed that the calcium carbide (13.8 oz. 
per gal.) removed 80% of the calculated amount 
of carbonate and produced 50% of the calculated 
amount of sodium hydroxide. This inefficiency 
was probably caused by the fact that the calcium 
carbonate precipitate contained about 10% 
unreacted calcium hydroxide that did not dissolve, 
and that the original calcium carbide was 10% 
impure. The copper and free cyanide contents 
remained virtually unchanged. However, some 
copper was lost as copper sulphide, and this 
increased the free sodium cyanide slightly. The 
formation of sodium hydroxide increased the pH 
of the solution from 9.5 to 14.0. The purified 
bath produced a brilliant plate. (H. F. Ross, 
formerly with Delco-Remy Division of General 
Motors Corp.; now at Battelle Memorial Institute) 


Using the Scleroscope for Testing the 
Depth of Shallow, Hardened Cases 


ANUFACTURERS of metal products that 

require a shallow, hardened case may be 
interested in a quick and easy method for checking 
the case depth by means of the scleroscope hard. 
ness tester. 

Our tests were made only on sheet metal 
screws, cyanided and then quenched in cold water. 


Path of 
Descending Tup 


[*) 





Scleroscope 
Anvil 


However, the method should be useful for testing 
many light-case parts and particularly nitrided 
parts, which typically have shallow cases. 

The scleroscope measures the rebound of a 
diamond-tipped tup that is allowed to fall by its 
own weight and to rebound from the test speci- 
men. Normally the height of rebound is inter- 
preted as a measure of hardness; the harder the 
surface of the specimen, the higher the tup will 
rise in rebounding. We have found that when 
casehardened parts of equal penetration hardness 
at the surface are tested with the scleroscope, the 
height of rebound depends on the depth of the 
hardened case. The specimen having the deepest 
case will give the highest reading on the sclero- 
scope dial. Thus, for surfaces of equal hardness, 
the instrument can be used to indicate the depth 
of hardened case. If the penetration hardness of 
the surface varies, the results will be unreliable. 

The sensitivity of this method decreases with 
increasing depth of case. For instance, it is easier 
to distinguish between cases 0.003 and 0.005 in. 
deep than between cases 0.913 and 0.015 in. deep. 
The method is recommended primarily for cases 
shallower than 0.010 in. 

A special fixture will usually be required for 
holding the specimen while it is being tested. The 
accompanying cut shows the simple arrangemen! 
we used for testing round-headed and oval-headed 
screws. Flat-headed screws were even easier t0 
test. The shape, weight, and hardness of the 
fixture affect the results obtained. Therefore it is 
important not to change supporting fixtures while 
a series of similar specimens are being tested. 
(B. Z. BERMAN, The Bermack Co.) 
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A Camera for Microradiography 


N microradiography it is of the utmost impor- 

tance that the sensitized surface of the photo- 
graphic plate be as close to the specimen as 
possible. This means that the ordinary type of 
X-ray cassette cannot be used. Also, it is neces- 
sary to have the specimen in line with the rays 
from the X-ray tube. 

The accompanying sketch shows a camera 
that fulfills these two conditions in a convenient 
way. This camera, designed at the Naval Air 
Materials Center, is for use with diffraction units 
having collimating tubes into which buttons of 
the general shape of Part III are placed. When 
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9- Ves" Camera for Microradiography 


the camera is used for diffraction, the specimen 
is placed across the rear of a small hole drilled 
through the button. To use such a unit it is nec- 
essary to align the collimating tube with the X-ray 
beam. After it has been aligned, the tube can be 
clamped in place with set screws so that it is 
possible to make an unlimited number of expo- 
sures without realignment. 

For microradiography, Part III, the button, 
instead of being pierced with a small hole, has a 
slit cut somewhat larger than the specimen to be 
tadiographed. The specimen is attached as shown, 
using water glass as an adhesive. A light-tight 
cover is put across the open, or projecting, bot- 
tom of the button. Originally, a piece of aluminum 
foil was used as a cover, but it was too dense; 
good results are now being obtained using a piece 
of opaqued scotch tape. The button is then inserted 
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in place in the body, Part I, of the camera. The 
sensitized plate, cut as a 1l-in. square, is placed 
over the specimen, with two or three thicknesses 
of lens paper between it and the specimen. The 
threaded closure, Part II, is then turned down, 
forcing the plate against the specimen. The cam- 
era is then light-tight, and can be moved without 
danger of the plate being fogged. The projecting 
part of the button is placed in the collimating tube 
of the X-ray machine, and then the exposure is 
made. (GERARD H. Boss, Naval Air Materials Cen- 
ter, Naval Air Experimental Station) 


Starting a Hydryzing Generator 


y the Metals Research Laboratory a Lindberg 

furnace equipped with a hydryzing generator to 
provide controlled atmosphere is used intermit- 
tently for heat treating. Starting the cold generator 
by the usual method of igniting an oiled rag or 
wad of excelsior in the ash pit has been found to 
have several disadvantages, chief of which is the 
fact that a carbon sludge resulting from the com- 
bustion of these materials is deposited in the vari- 
ous pipes and valves in the system, necessitating 
frequent cleaning. 

In order to avoid this troublesome procedure 
and to eliminate the dirt and smoke associated 
with starting the generator, the 2-in. pipe through 
which the air is forced into the generator was 
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tapped and %-in. copper tubing to permit the 
introduction of natural gas was attached, as shown 
in the accompanying sketch. In this particular 
installation, the air and gas meet at right angles 
so that sufficient mixing results before combustion 
takes place in the ash pit. 

Starting the cold generator is now rapid and 
convenient since it requires only that the gas-air 
mixture be adjusted to provide the proper flame. 
As soon as the charcoal is ignited (about 15 min.) 
the natural gas is turned off. (Paut E. Bussy and 
Ceci: C. Bussy, Metals Research Laboratory, 
Carnegie Institute of Technology) 














Guided Missiles in the Atomic Age 


High Angle Guided Bombs* 


HE high angle bomb is dropped out of a bomb 

bay when the plane has been flying in a straight 
line toward the target. If the plane continues in 
the same direction, the bomb seems to remain verti- 
cally under the plane until it hits the ground, and 
the bombardier can easily see whether it. is going to 
the right or the left of the target. However, he 
cannot tell whether it is going to hit the ground too 
soon or too late. 

To control the flight of the bomb, it is necessary 
to keep it from rotating about its axis, to correct its 
azimuth (right and left deflection) and to correct 
its range. 

Stabilization against rotation was achieved in a 
program during World War II through ailerons 
attached to the bomb’s tail and controlled by two 
electric-driven gyroscopes, the ‘‘free’’ gyro which 
returned the bomb to a position at which rudders 
are vertical, and a ‘‘rate’’ gyro which prevented 
overshooting more than 3°. Defleections in course 
and range were prevented (or induced, at will) 
through rudders and elevators, respectively, 
arranged as fins projecting from the tail structure. 
These were moved by servomotors. 

Three principal schemes for correcting azimuth 
and range were studied. One transmitted a picture 
of what could be seen from the nose of the bomb 
itself by television to the bombardier. Another was 
automatic and made use of homing equipment in 
the bomb, sensitive to heat or light emitted from the 
target. The third, the one finally used, was the 
direct sight method. In this, it was necessary to 
provide the bomb with a flare, ignited by bombardier 
at any time after take-off. For this and the other 
remote controls it was necessary to provide radio 
communication with the falling bomb. The anten- 
nae were built into the struts used to stiffen the tail 
fins, and a radio receiver (a compact superhetero- 
dyne) was arranged to select functions by frequency 
modulations. Many test drops were made while 
motion pictures were taken from the plane and from 
the nose of the bomb; these provided a satisfactory 
analysis of the actual trajectory. 

**Azon’’, direct vision controls in azimuth only, 
had been recommended for bombing roads and 
bridges. Azon bomb No. 13 was controlled all the 
way to the ground and struck the target, a road 12 
ft. wide. This bomb was put into production and 
used effectively in Burma, 314 years after the initia- 
tion of research work. Approximately 150 bridges 
were destroyed, completely disrupting Japanese 
communications. Inerease in effectiveness is illus- 
trated by the fact that the number of bombs required 

*From talk before Franklin Institute, Oct. 15, 1947, 


by L. O. Grondahl, consultant in research, Westing- 
house Air Brake Co. and Union Switch and Signal Co. 


to destroy a bridge was reduced from 300 or 400 of 
the standard bombs to six or seven Azons. 

For bombs controlled in both range and azi. 
muth (Razon), it was necessary to provide ap 
entirely different tail construction from the ecrugi. 
form fin structure on Azon, using instead aero. 
dynamic surfaces in the form of two shrouds, one 
set some distance ahead of the other. Viewed 
directly from the rear these shrouds looked like 
short sections of octagonal down-spouts. Contro] 
surfaces were built as flaps on the trailing edges. 
The electrical and control apparatus contained ip 
the tail compartment required very little extra 
engineering. 

Razon was not used in combat, although it wa 
in production at the end of the war. Experimenta) 
drops from 15,000 ft. indicated an accuracy of 45 
ft. in range and 15 ft. in azimuth. 


V-2 and Future Guided Missiles} 


HE development of the V-2 was part of a Ger. 

man program starting in 1930 which brought 
some 130 rockets, guided missiles and assorted 
devices to various stages of developmental and oper- 
ational use. Actual work on the V-2 started about 
1940; the first successful firing was in October 1942; 
the range was 170 miles. Its development cost 
18,000 man-years; some 65,000 engineering changes 
were made after the first successful flight. A total 
of 3165 V-2’s were launched against England, Ant- 
werp and Continental targets; they were being 
manufactured at the rate of 96 a day at the end 
of the war. It was not until our technicians exam- 
ined this program that it was realized how narrow 
was our margin at the armistice and what losses a 
six months’ continuation of the war would have 
caused the Allies. 

The V-2 is 46 ft. long, 65 in. in diameter, weighs 
7000 Ib., carries 2000 lb. useful load (war head), 
and 28,000 lb. of fuel. It is launched vertically. 
Within 60 see., 1220 gal. of 75% aleohol and 122 
gal. of liquid oxygen are forced into the combustion 
chamber; the gas exit velocity of 7000 ft. per sec 
generates a thrust of 60,000 lb. At the end of that 
time the missile is flying at about 3600 miles per hr 
It is launched vertically and guided by carbon vanes 
in the blast and aerodynamic tabs on the fins, al 
controlled by gyros through electro-hydraulic servo 
mechanisms. After burnout, the missile is directed 
in the required azimuth by preset timing equipment. 
and thereafter has the path of a projectile, becaus 
control surfaces are returned to neutral position. 

Some 35 V-2’s have been launched at 14-da) 
intervals at White Sands Proving Ground in Ne*¥ 

+From talk before Army Ordnance Assoc., June $ 


1948, by C. F. Green, consulting engineer, Aeronauti 
and Ordnance Divisions of General Electric Co. 


Presentation of verbatim extracts from important contemporary documents concerning atomic energy does 
not imply that the Editor agrees with the opinions quoted, nor that they are expressions of A.S.M. policy. 
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Mexico. A maximum altitude of 114 miles has been 
attained. The war head is occupied by equipment 
for observing conditions in the upper atmosphere, 
for securing aerodynamic data at very high speeds, 
and for transmitting this information to the ground. 

The guided missile must reach out long dis- 
tances, locate a target and then demolish it. It 
must also handle stationary or moVing targets, be 
insensitive to enemy ‘‘jamming’’, and have accu- 
racy at least equivalent to artillery fire. Great and 
successful effort is now being put into the perfec- 
tion of such weapons. 

Motor developments include improvements in 
combustion chamber and venturi, in fuel mixing, 
and new fuels. Guidance is the greatest problem; 
there is no point in building complex equipment to 
obtain ‘‘near misses’’. To secure higher accuracy 
in any type of guidance system — preset, course- 
seeker, beam-rider, command or homing — radar, 
gyros, accelerometers, computers and servomecha- 
nisms must be greatly improved over those available 
at present. 

Study has shown that the anti-aircraft missile 
and the anti-missile missile are not impossibilities 
but can be achieved if problems of search, early 
warning, speedy data transmission and evaluation 
can be solved. 

Basie principles are known of vehicles which 
are orbital satellites. Only funds and time are 
necessary for them to become realities. Four such 





devices flying at 1500-mile elevation will cover all 
inhabited regions on the earth by line-of-sight, and 
would then be relay centers for television, broad- 
casting or remote control. 


Research and Development by the 
U. S. Air Forcet 


N March 1945 a long-term research and develop- 
ment program was initiated into four types of 
guided missiles: 

1. Air-to-air, for air combat, to be guided to 
their targets automatically 
and to have a range much 
greater than that of pres- 
ent armament. 

2. Surface-to-air, for 
use against invading air 
forces and ultimately 
against enemy missiles. 

3. Air-to-surface, for 
bomber strikes, remotely 
and accurately controlled 
from launching aircraft 
outside the defended area. 

4. Surface-to-surface, 
primarily to carry an 
atomic war head 5000 
miles at supersonic speeds. 
Since there is no existing 
defense against this type 
of weapon, it is essential 
that the United States be 
the first to develop it. 

Successful flights have been made by ‘‘drone’’ 
aircraft, equipped with television and controlled by 
radio from mother planes 25 miles away. Control 
from distances up to 100 miles away is believed to 
be within present capabilities. Flights from Hawaii 
to California, during which bombs were dropped 
from crewless planes by remote control, are fore- 
runners of accurate employment of long-range 
guided missiles. 

Concurrent with this is the firing of the JB-2, 
an American ramjet missile similar to the German 
V-1, but having guidance devices for remote control 
over a 150-mile flight. (At present the ramjet 
appears to be the correct power plant for supersonic 
flight of missiles for longer ranges than rocket pro- 
pulsion can reach. A special form known as “‘ pulse- 
jet’’ gives better performance than the ramjet up 
to a speed of 400 miles per hr. 

A signal event in remote guidance and control 
occurred in September 1947 when a Douglas C-54 
with electro-mechanical ‘‘brain’’ took ott at the 
push of a button from Newfoundland, flew the 
Atlantic 2400 miles and landed at a British airfield 
near London. Two surface ships transmitted the 
necessary bearing beams to keep the airship on its 
course. A beam at the English airfield turned it 
into the glide path, lowered the landing gear and 


braked it to a stop. 


{From report of Gen. Carl Spaatz, retiring chief of 
staff, U. S. Air Force, June 30, 1948. 
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Strain Gage for Testing Sheet Metal 


at High Temperature 


By Glen Guarnieri 
and James Miller 


Research Metallurgists 
Cornell Aeronautical Laboratory 


Buffalo, N. Y. 


Tensile, creep and stress-rupture prop- 
erties of high alloy material in sheet 
form are required by designers and en- 
gineers in the program for perfecting 
Jet engines, rockets and guided missiles. 
The authors describe an extensometer 
and instrumental setup that utilizes 
eight strain gages, so mounted as to 
cancel out numerous variables and re- 
cord a single equated value at any 


instant. 








N A STUDY of the load carrying ability of vari- 
ous sheet stock alloys at high temperature, 
instrumentation has been developed for conduct- 
ing tensile, creep, and stress-rupture tests. The 
objectives of such tests have been concerned 
primarily with the evaluation of materials for 
relatively short life—-applications such as 
encountered in guided missiles, rockets, and jet 
engines. The variables of common interest to such 
investigations are stress, temperature, strain, and 
strain rate. Basic units of equipment have been 
constructed or assembled for measuring and con- 
trolling these variables. 
While conventional types of apparatus have 
been used for loading, heating, and controlling the 














Fig. 1 — Assembly of Test Piece, Lower Grip, 
Extensometer Arms and Cantilever Strain Gage 
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temperature of the specimen, a strain measuring 
system has been designed and constructed for 
determining the elastic modulus, proportional 
limit, yield stress, and creep deformations of sheet 
stock at temperatures up to 1800°F. This strain 
measuring device, while of light weight, is suffi- 
ciently rugged to permit routine and accurate 
measurement of 0.00010 in. change in gage length 
over a range of approximately 0.2 in. (10% in 2 in.). 

This instrumentation was originally developed 
as part of a test program for the Bureau of Ord- 
nance, and has been modified and improved for 
work sponsored by the Bureau of Aeronautics and 
the Office of Naval Research. Thanks of the 
authors are due to those organizations for clear- 
ance of this information for publication. 

The general arrangement of test piece, lower 
grip, extensometer arms and cantilever strain 
gage is shown in Fig. 1. A conventional tubular 


Fig. 2 — Cantilever “Beams” A to D and Mounting 





































Fig. 3 — Wiring Diagram for Strain Gages. 
Code: Ar means Beam A, gage on tension side; 
Ac means Beam A, gage on compression side 
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furnace, electrically heated, surrounds 
the test specimen for its full length; 
the extensometer arms extend through 
a shield at the bottom of the furnace. 
It is obvious that a change in the length 
of the specimen on its gage length results in a 
change in the relative position of the lower ends 
of the extension arms. These arms (made of 
Type 310 stainless steel) grip the specimen 
through knife edges; the outer arms are attached 
to the upper end of the gage length and the inner 
arms to the lower end. Thus, the strain in the 
2-in. gage length is represented by the relative 
motion of these arms. Since all tests conducted 
with this type of extensometer are at a steady 
temperature (maximum variation of +3° F.) 
negligible errors are introduced due to expansion 
and contraction of the extension arms. Such errors 
are further minimized by the fact that one pair of 
arms acts as a reference for the other, and tends 
to cancel out length changes due to any tempera- 
ture variation. 

A cantilever “beam” assembly which engages 
the extensometer arms is used to detect their rela- 
tive motion. It is shown in clearer detail in Fig. 2. 
SR-4 strain gages, attached to both the tension 
and compression side of each of the four beams 
near the fixed ends, serve to indicate changes in 
beam deflections due to specimen elongation. 
When the SR-4 gages are connected as shown in 
Fig. 3 to complete the bridge circuit of a Baldwin- 
Southwark SR-4 strain indicator unit, the ampli- 
fied unbalanced current in the bridge is a measure 
of the strain in the specimen gage length. 

Consideration of the circuit arrangement of 
the SR-4 wire gages (Fig. 3) will reveal that the 
gages on each pair of beams (A and B, or C and D) 
electrically oppose each other so as to produce a 
net change in resistance proportional to the differ- 
ence in deflection of the two beams of each pair, 
and this net change is electrically added to give a 
final circuit unbalance that is proportional to the 
average gage length extension of the specimen. 

A Baldwin-Southwark SR-4 strain indicator, 
which combines the necessary oscillator, amplifier, 
detector, and balancing controls in a single porta- 
ble unit, has been used in conjunction with the 
cantilever strain gage bridge circuit. The unbal- 
anced current output may be read directly on the 
meter of the strain indicator unit or —as is done 
for controlled strain-rate tension tests — supplied 
to a recording milliammeter (Esterline-Angus). 
When using the bridge circuit in its unbalanced 
condition for recording strain, linearity of output 
signal versus specimen strain is limited to about 
0.4% extension on a 2-in. gage length, so it 
becomes necessary to rebalance the circuit when 
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this value of strain is reached. Where the bridge 
is maintained manually in balance, continuous 
strain readings may be made from the calibrated 
balancing dial of the SR-4 strain indicator unit 
up to the limit of the extensometer system. 
Calibration — Determination of the sensitivity 
factor of the cantilever gage unit (inches of beam 
deflection per dial division) is accomplished by 
deflecting the beams known distances with a 
micrometer and noting the resulting change in 
meter or dial reading. Close agreement was real- 
iged between the experimentally determined value 
of-s€nsitivity and that calculated according to the 
cantilever beam formulas. In order that both 
pairs of extensometer arms may be truly averaged 
in the bridge circuit, it is necessary that the indi- 
vidual sensitivity of all four beams be equal. 
This adjustment is made during assembly of the 
gage and is controlled by varying the beam span. 
During the past eight months in which two of 
these gages have been in use, frequent calibra- 
tion checks have revealed their high degree of 
stability and freedom from change in sensitivity. 


then be observed in regard to determination of 
sensitivity factor. Due to deterioration of the 
batteries of the SR-4 indicator unit, its oscillator 
and amplifier outputs will be altered, giving rise 
to decreased sensitivity (for unbalanced condition 
only). The actual sensitivity factor is quickly 
determined by noting the output-meter reading for 
a standard degree of bridge unbalance, as meas- 
ured by the calibrated balancing dial. Over the 
useful operating life of the batteries, the sensitiy- 
ity factor will vary from 0.00010 to 0.00013 in, 
deflection per meter division for unbalanced 
bridge operation. When the bridge is maintained 
in its balanced condition, its sensitivity is inde- 
pendent of battery condition. 

Operation ——- The cantilever strain gage system 
has provided a satisfactory means of conducting 
high-temperature tensile tests at controlled rates 
of strain. By recording the specimen strain on an 
Esterline-Angus meter, a graph showing strain 
versus time is obtained. Through the use of an 
auxiliary margin pen actuated by a solenoid, loads 
are registered manually on the same paper al 

selected intervals so that a 
simultaneous record of load, 
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elongation, and time is 
made. 

While the specimen is 
being loaded elastically, a 
constant strain rate will be 
maintained on its gage 
length fora given head 
speed of the tensile 
machine. However, as the 
specimen begins to deform 
plastically, it becomes nec- 
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essary to reduce the head 
speed in order to maintain 
the same strain rate. The 
operator accomplishes this 
by viewing the recording of 
the time-deformation trace 
through a plexiglas plate on 








Fig. 4 — Stress-Strain Curves for S-816 Sheet, 0.042 In. 
Thick, at Various Temperatures and Strain Rates 


In conducting tensile or creep tests at 1800° F., 
sufficient heat is carried through the specimen 
holder to the strain gage unit to raise the gage 
temperature to approximately 150° F. However, 
no change or drift in sensitivity could be detected 
by calibration tests conducted on the strain gage 
while at this higher temperature. 

When the system is used for automatic 
recording of strain, the bridge circuit is operated 
in its unbalanced condition. One precaution must 


which are engraved a set of 
parallel lines adjusted to 
the slope corresponding to 
the desired strain rate. 

Typical stress-strain diagrams plotted from 
the recorded data for an S-816 sheet material 
(0.042 in. thick) are illustrated in Fig. 4. 

The same extensometer system has been used 
for continuous measurement of strain in constanl 
load, high-temperature tests of relatively short 
duration. For the long-time creep test, it would 
be necessary to substitute a regulated d.c. power 
source for the batteries of the indicator unit if 3 
continuous strain record were required. & 
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FTER listening for months to conversation 

about the high price of exhibiting and to 
much damning of booth builders for highway 
robbery, was gratified to find the National Metal 
Exposition a decorative thing of beauty. Were I 
a reporter for a trade magazine catering to the 
exhibition field I probably could resist the temp- 
tation to sling around superlatives describing such 
masterpieces as those of Union Carbide and Carbon 
subsidiaries anc Westinghouse. But such a 
reporter could not help commenting on a pro- 
fessional job done by an amateur. (How often 
the hams show the way!) Some five months ago 
Clarence Broner, sales engineer for Sciaky Bros. 
- the makers of improved resistance welders, you 
know — blessed with a hobby for woodwork and 
a good design, started to build his own 60-ft. 
booth in his basement shop, and at last it emerged, 
a creation of masonite, glass, velvet and leather, 
good enough to stand comparison with the best, 
and at a cost that defies competition. Likewise 
such a reporter would undoubtedly spend much 
of his allotted space describing the visualization 
of 75 years of progress in alloy steel that occupied 
the entire stage in the Auditorium. Conventions 
and expositions have had slogans without number, 
but here, for once, the slogan was given a visual 
and audible body in exhibits from all the major 
consuming industries showing equipment before 
and after refining and perfecting the design with 
alloy steel—all supplemented with mammoth 
video telling the entire story. The A.S.M. is to be 
congratulated for its friends. Why else should 
International Nickel’s Bob Wheeler and his com- 
mitteemen devote so many hours to organizing, 
creating and mounting such a revealing show? 





“°° OMPENSATION” is the word that Emerson 

would use. It would describe the reward 
for mounting the metallographic exhibit — the 
aesthetic pleasure of examining so many fine 
examples of photographic skill, and the mental 
stimulation of conversation with the expert judges. 
Inquiring about the absence of any work done with 
ultraviolet light, was informed that the quite 


Notes at the Convention and Elsewhere 


By The Editors 
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desirable resolution of fine detail gained by short- 
wave exposure was counteracted by the extreme 
difficulty of getting an accurate focus (almost by 
cut-and-try methods, exposing successive nega- 
tives) and the long exposure time — hours, even, 
for the available radiation sources of weak inten- 
sity. The consensus of the experts also was that 
the electron microscope (useful though it has been 
for studying the form of very fine particles and 
powders) has yet to solve any microstructural 
problems not already all-but-certain from optical 
studies. Earliest stages of grain germination in 
precipitation hardening, for example, involve par- 
ticle sizes on the same order of magnitude as the 
grain size of the material forming the replica. The 
results, therefore, are open to serious question: Is 
what we see the structure of the metal or is it the 
structure of the replica? 


HEN a physicist discusses the characteristics 

of an instrument that he has invented, the 
metallurgical audience is likely to hear some plain 
talk, and so it was when Floyd A. Firestone spoke 
with exceptional clarity in presenting the 1948 
Mehl Lecture of the Society for Non-Destructive 
Testing. Those who read the issue of Metal 
Progress for September 1945 will remember the 
principles of Dr. Firestone’s supersonic reflecto- 
scope, an instrument for nondestructive testing 
and measuring by means of sound waves. The 
instrument shouts “yoo hoo!” into a piece of metal 
and listens for an echo. Any crack in’ the metal 
will cast an acoustical shadow that can be located 
by means of electrical devices similar to those 
used in radar. The reflectoscope has been used 
industrially for several years and the basic tech- 
nique is becoming widely known. The Mehl 
lecturer discussed some of the tricks that are 
possible and may in the future be put to use in 
special applications. The standard techniques 


depend primarily on reflection. The newer tech- 
niques depend also on other properties of sound 
waves — refraction, scattering, resonance, and 
polarization. In addition to its use as a flaw 
detector, the instrument can sometimes measure 


















the elastic constants of metal, the average grain 
size, or the difference in properties of wrought 
products in different directions, and in mainte- 
nance work to detect the beginning of fatigue 
cracks in machine parts in places that are inacces- 
sible except to sound waves transmitted from the 
reflectoscope. 


NTEREST in the scientific and ultra-technical 

aspects of metallurgy shows no signs of abate- 
ment, to judge from the size of audiences at the 
formal sessions. (Some 60 metallurgists and 40 
librarians even came from as far as Los Angeles 
to spend an earnest afternoon over the problem 
of devising an adequate system just to classify 
this ocean of knowledge.) And it is interesting 
to see some strange elements reappear at intervals, 
as though to demand attention to their unique 
capacity for good—or harm. For example, do 
you remember how zirconium was studied after 
World War I, and how Colonel (then Captain) 
Ritchie and the late Frederick Becket showed how 
normal steel could be made without manganese 
if only enough zirconium were available to take 
its place? It “fixes” the sulphur. Later, C. L. 
Altenburger added it to steel to make a variety 
with unique low-temperature toughness. It seems 
also to “fix” the nitrogen. Then zirconium was 
found to give fine grain and high-temperature 
strength to magnesium alloys. Now General 
Electric’s R. H. Harrington adds 0.35% to com- 
mercially pure aluminum and finds the tempera- 
ture for a softening anneal raised to 1110° F. with 
a corresponding improvement in stress-rupture 
times at moderate working temperatures. A. L. 
de Sy, professor of metallurgy at the Belgian 
University of Ghent, now visiting in the United 
States, says it is one of the elements which are 
added to make ordinary white iron solidify with 
so many nodules of graphite that subsequent 
annealing to true malleable is only a matter of a 
few hours. The metal itself, in wire form, is one 
of the best “getters” of residual gas in electron 
tubes. Lastly, studies of the pure metal show 
that it absorbs relatively few neutrons, and so is 
a possible substitute for the dangerously toxic 
beryllium as a moderator or as metal accessories 
in an atomic energy pile. 


IFE in the pre-A.S.M. days must have been 
pretty easy for the steel expert. All he had 

to do was to remember a few “principles” and 
apply a lot of precepts. The precepts saved his 
life, for the principles degenerated into hypoth- 
eses, and then gifted experimenters, like Campbell 
Memorial Lecturer Morris Cohen, gradually chis- 
eled all sorts of inaccuracies from them. With 


fact and appealing logic he discussed the curioys 
change from austenite into martensite — or rather 
the curious reluctance of all the austenite in hard 
steel to engage in this reaction. How much 
simpler it was, in the days before subzero refrig. 
eration, when the hardener merely trusted his 
assorted potent brines! Envy the metallographer 
who knew martensite and troostite but knew not 
bainite. However, with men like Cohen around 
it’s just no use to mourn for the good old days; 
we must face the Facts of 1948 and all their 
“separation processes” and “transformation cen- 
ters” either large and active or small and inactive, 
either packed with energy poised to spring or 
sleeping unmindful of their strength! One warn- 
ing: To enlist under the Cohen standard some 
mathematics must be remembered and “surface 
energy” and “entropy” be more than just words 
for things never understood. 


MERICAN Welding Society’s Adams’ Lecture, 
by G. E. Claussen, considered something 
“ignored, because we knew nothing about it” — 
namely, the influence of the slag originating from 
the electrode coating on the deposited weld metal. 
The lecturer likened arc welding with bare elec- 
trodes to the bessemer steelmaking process with 
its intimate contact between metal and air and 
the formation of relatively little slag. The process 
using covered electrodes forms steel under twice 
as much slag as exists in the openhearth, yet 
contact between small globules of metal and 
enveloping slag is so much more intimate that 
welding is more like the Aston or the Perrin 
process for refining iron by atomizing it in molten 
slag. These analogies are both defective because 
metal under the welding arc is so much hotter. 
Nevertheless, using the same principles of physical 
chemistry as rule ordinary steelmaking processes, 
Dr. Claussen found that the partition of sulphur 
between slag and weld metal was about the same 
as theoretically predicted. Phosphorus partition 
was not nearly so complete — apparently the brief 
time the metal is liquid is not long enough for 
even an approach to equilibrium. Experimental 
results for oxygen were inconclusive. Indeed, the 
lecturer cautioned his audience that his tests were 
exploratory rather than conclusive; they applied 
only to three specific electrode types, and did not 
consider one of the prime constituents of all the 
tested coatings — namely, moisture. 


ene the digestive system begins to digest 


itself, the result is ulcers. And when 4 
theory of metals begins to dissolve in its own 
mathematical juices, the result is a sort of metal- 
lurgical biliousness. Ulcers may sometimes be 
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cured by changing the patient’s diet or quieting 
his thoughts. Likewise, some forms of metallur- 
gical biliousness may be cured by a change in diet 
that includes frequent, large doses of experimental 
facts. The theory of plastic deformation of metals 
has lately been suffering from mathematical con- 
vulsions, based on compound and interlocking 
assumptions. But some of the curative facts were 
supplied at the Convention in sessions held by the 
American Society for Metals and the Institute of 
Metals Division of the American Institute of Mining 
and Metallurgical Engineers. The data of Dorn 
concerning the effects of mechanical-thermal his- 
tory on the flow stress and strain hardening of 
metals (together with some recent results by Oro- 
wan in England) should go far toward demolishing 
the so-called mechanical equation of state recently 
proposed. Both Dorn in California and Orowan 
in England have shown that the stress-strain 
behavior of a metal depends on the previous 
thermal and mechanical treatment the specimen 
had undergone — something suspected by metal- 
lurgists for quite a long time. The A.S.M. Seminar 
on the Cold Working of Metals and two A.I.M.E. 
sessions on plastic deformation gave voice to new 
theories as well as new data. Eventually, some of 
the semantical, mathematical and physical con- 
cepts now circulating among the theorists may be 
helpful to the metal industry. The pragmatic test 
to which all these ideas must finally conform is 
the test of reality, the test of experimental facts. 


ONVENTION Footnote (apropos of something 

or other): Manufacturers of welding devices 
put price signs on their equipment. Remarkably 
cheap, too, they seemed to be in this day of the 
three-dollar breakfast. 


Have Some Aluminum? 


oo: last year in Wyoming, at the end of a 
hard day’s ride, I reached the main gate at 
the home ranch and found to my joy that the 
creaking timber barrier that needed a 100-Ib. lift 
even to unlatch it had been replaced by a silvery 
aluminum gate that slid aside without even requir- 
ing the horseman to dismount. Such minor per- 
sonal recollections lend importance to the efforts 
of men at Reynolds Metals Co. to develop other 
new uses for aluminum, even though there isn’t 
now nearly enough metal to satisfy old cus- 
tomers. Undoubtedly the day will come. ..... 
While talking with Roy Roshong, product man- 
ager of Reynolds’ rod, bar and structural divi- 
sion, gathered that the present shortage in ingot 
tonnage is due to insufficient power for the nation’s 
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reduction plants. Since the war, also, the relative 
loads on finishing departments have changed. 
Instead of extremely high-strength alloys, present 
demand is for metal of moderate strength and 
maximum utility,’ as related to formability, free 
machining, or weldability. The sheet, bar, and 
extrusion mills are continuously busy on items 
for buildings, machinery and utensils generally — 
including ranch gates. To a graduate from a steel 
mill the rolling of aluminum is fascinating —a 
billet that doesn’t look like it’s hot, even at first, is 
rolled and rolled and rolled; it doesn’t radiate 
much heat, and what heat is lost is largely 
regained by the work of rolling. 

During the war, Reynolds promoted the idea 
of shipping blanks to its customers rather than 
coils, thus retaining most of the scrap within the 
mill where it could be reclaimed immediately. A 
logical extension of this idea brings about the 
manufacture of such items as tubs for washing 
machines; a complete production line turns these 
out by the thousand. You’d be surprised at the 
number of “clinker type” aluminum boats (12 ft. 
long, 54-in. beam) that are being sold, but no 
waterman could deny their beauty and trim. 
More prosaic is the line of standardized truck 
bodies, five parts nested in a crate, requiring 
only to be riveted together at corners and bolted 
to the chassis. Another plant at Louisville cannot 
keep up with orders for roofing, siding, gutters 
and downspouts in numerous designs, textures, 
chemical finishes and colors. Some of the metal 
for such applications in the building trades is of 
alloy diverging slightly from standard analyses, 
reclaimed and refined in the plant described by 
George Birdsall in Metal Progress for December 
1946. Bulky scrap admixed with heavy metal is 
handled here with ease and dispatch; even baled 
foil trimmings present no problem. 


Atom; aTomM 


MONG other things coming to the editorial 

desk is a publication from Lake Success 
giving in the five oflicial languages of the United 
Nations (English, Francais, Pyccxwi, x dh, and 
Espanol) a polyglot glossary of technical terms 
in use in the field of atomic energy. We welcome 
it as an exhibit of the need of all people to under- 
stand each other when talking about the atom, 
atome, aToM, {@-. atomo. Of the 200 terms, the 
Russians seem to have a different word or a dif- 
ferent spelling for each — which seemingly agrees 
with their penchant for disagreement. But there 
should be some hope as long as the real funda- 
mentai is the same: atom; aTom. 








Low-Temperature Impact of 


Annealed and Sensitized 18-8 


By Erwin H. Schmidt 
Metallurgical Engineer 
A. ©. Smith Corp. 
Milwaukee, Wis. 


most instances two- and three-dimen- 
sional. Kinzel and his associates are of 


During the war, trouble developed in some reactors the opinion that notched-bar impact 


strength is a criterion of the ability of 


made of 18-8 stainless (0.06% carbon) and used 
in a synthetic butyl rubber plant in cycles from 
+150 to —150° F. These reactors consisted of 
two shells, one inside the other, connected by several 
cross-overs, welded in. Leaks occurred within two 
months near welds, and a combination of “‘weld 
decay” and cold work was suspected. The affected 
areas were locally annealed and the trouble stopped. 
Only recently the author studied the matter at the 
University of Wisconsin in postgraduate work per- 
formed under an arrangement whereby certain em- 


ployees of A. O. Smith Corp. are aided by the firm 


a metal to distribute two- and _ three- 
dimensional stresses, and that it also is 
an indication of the material to with- 
stand notch fatigue. For this reason 
it is felt that impact tests would best 
evaluate the austenitic alloys in low- 
temperature applications such as in the 
synthetic rubber process. Crafts and 
Egan have also shown that the notched- 
bar impact test is a suitable standard 
for estimating the resistance of unnotched 
metal to brittle failure under static load. 

The impact value of a given test 
bar depends on the amount of metal 
deformed. Hoyt, in a series of articles 
on notched-bar testing during 1936 in 
Metals and Alloys, notes that the “notch 


in securing advanced degrees. 


T IS WELL KNOWN that cold work generally 
alters the physical properties of steel and mani- 
fests itself in increased hardness, and in increased 
brittleness as measured by the impact test. Any 
reduction of cross-sectional area by cold deforma- 
tion will involve stressing beyond the yield point, 
and the amount of cold work is directly propor- 
tional to the reduction of area. Graham and Work 
have developed a work-brittleness test in which 
a round tapered steel specimen is drawn through 
a die and then notched for impact testing. Their 
method has been modified for use in this study ot 
cold work on 18-8 alloys. 
It is also well known that engineering struc- 
tures are subject to complex stress systems, in 


effect” occurs in all materials; it is only 

certain of them which, though normally 

ductile, exhibit notch brittleness. A 

metal which is “notch sensitive” breaks 
sharply by simple extension of the notch as a 
crack; if the metal is not notch sensitive the metal 
at the base of the notch flows slightly in a ductile 
manner and reduces the notch effect by increasing 
the radius of the notch. He has also shown that 
bars absorbing high energy per unit area during 
the test break with a fibrous fracture, while low 
energy absorption is associated with a crystalline 
fracture. 

The Charpy impact test bar was selected 
because it is a standard, and test results may be 
directly compared with other data. Furthermore. 
uniform notch conditions can be economically 
reproduced. There is evidence to indicate that the 
keyhole notch is definitely superior to the V-notch 
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with respect to reproducibility of the 
notch contour, reproducibility of 
the energy values, and revelation of 
the transition zone in temperature- 
impact relationship. 


Materials Tested and Procedure 


To determine the effect of cold 
work upon the impact notch tough- 
ness of 18% chromium, 8% nickel 
stainless steel, austenitic alloys of 
Types 302 and 304 (0.14 and 0.07% 
carbon, respectively) were compared 
in the fully annealed and in the 
sensitized conditions. Round bars (% in.) were 
taken from warehouse stock, annealed and 
machined as shown in Fig. 1. Following cold 
deformation, Charpy keyhole notch impact tests 
were made at room temperature, at —150 and at 
—300° F., as will be described at length. 

The chemicx! compositions were as follows: 


Type 302 Type 304 

SPECIFI- SPECIFI- 

CATION ACTUAL CATION ACTUAL 
Carbon 0.08 to 0.20 0.14 0.08 max. 0.07 
Manganese 2.00 max. 1.08 2.00 max. 0.70 
Silicon 1.00 max. 0.29 1.00 max. 0.77 
Phosphorus 0.04 max. 0.012 0.04 max. 0.012 
Sulphur 0.03 max. 0.012 0.03 max. 0.018 
Chromium 17 to 19 18.43 18 to 20 18.69 
Nickel 8 to 10 8.90 8toll 9.30 


Machining — Cold work was developed uni- 
formly in a machined test bar 15 in. long (Fig. 1) 
by pulling it through a sizing die having a bore 
of 0.562 in. 























Fig. 1 — Test Bars as Machined and Before Draw- 
ing Through 0.562-In. Sizing Die. Diam- 


eters to induce various amounts of cold work are: 


X, ORIGINAL FINAL CoLp 

DIAMETER DIAMETER Work 

0.562 + 0.0005 in. 0.562 in. 0.0% 
0.577 + 0.0005 0.562 5.0 
0.594 + 0.0005 0.562 10.0 
‘.611 + 0.0005 0.562 15.0 
0.630 + 0.0005 0.562 20.0 


Heat Treatment — Prior to any cold working 
all bar stock was heat treated by water quenching 
from 2050°F. These bars were then carefully 
machined to the required initial diameter. 





8 papereeeeeote 1S* - - 
of 3-¥% ss a 
——— | 
of TF 
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Since the object of the 
test was to determine the 
properties of the material 
both in its best condition 
and in the worst condition 
that might occur alongside 
a fusion weld, half of all 
the bars were “sensitized”. 
As is well known, the 
quenched austenitic 18-8 
alloys are in a metastable 
condition, in the sense that 
if heated in the region of 
1000° F. some of the carbon, 
especially on the grain 
boundaries and twinning planes, will come out of 
the uniform solid solution (austenite) and form 
carbides with surrounding chromium and iron 
atoms. This action renders the metal liable to 
selective attack along those surfaces by certain 
severely corrosive solutions. The test for “sensi- 
tivity” is known as the Strauss test and consists 
of boiling the sample for specified times in a 
solution of copper sulphate and sulphuric acid. 
Selective acid attack may be determined by loss 
in ductility in a tensile or a bend test, or by 
microexamination. 

On the basis of bend tests after 72-hr. boiling 
in the test solution, it was decided that coarsening 
of the austenitic grain size at 2250° F. and water 
quenching, followed by 100 hr. at 1020° F. would 
produce the severest degree of sensitization in the 
low-carbon, Type 304 alloy —an alloy designedly 
resistant to this undesirable phenomenon. No 
difficulty was experienced in sensitizing the higher 
carbon Type 302 stainless steel; coarsening the 
Type 302 at 2250°F. and sensitizing for 2 hr. at 
1200° F. resulted in a 0° bend test. 

It should be emphasized that sensitization 
followed final machining of all test pieces. 

Impact Test Pieces—-Following the above 
heat treatments, all specimen bars were drawn 
through the die at room temperature. The cold 
worked round bars were then milled into squares 
and cut into five standard 0.394x 0.394 x 2.165-in. 
Charpy bars. Following surface grinding, these 
were given a keyhole notch by using a No. 47 drill 
in a drilling fixture; the slot was carefully cut on a 
band saw. 

Impact tests were made in quintuplicate at 
+70° F., —150° F., and —300° F. Subzero tempera- 
tures were achieved in an insulated chamber. For 
—150° F. bars were immersed in liquid pentane; 
this container in turn was surrounded by liquid 
nitrogen and the whole assembly placed within the 
insulated chamber precooled with solid carbon 
dioxide. The —300°F. temperature was main- 
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tained by using liquid nitrogen in an 
insulated chamber. After being in the 
coolant for one hour, the pieces were 
removed and broken; at no time did the 
transfer require more than 5 sec. 


Test Results 


Tables I and II contain summaries of 
the impact tests. 

Following the impact tests, hardness 
tests were made on each broken Charpy 
bar, using the Rockwell A-scale (60-kg. 
load with diamond “brale” indenter). 
These hardness averages, converted (for 
specimens tested at room temperature), are 
as shown in Table III, at right, below. 

All broken specimens were stacked in 
order and photographed. One of the four 
photographs is reproduced in Fig. 2. Sen- 
sitized Type 302 shows clearly the growing 
preponderance of crystalline over the 
fibrous fracture as degree of cold work 
increases (see the group tested at —150° F.) 
and as temperature is lowered. Similar 
conditions existed in the tests on sensitized 
Type 304 steels. Fibrous, ductile fractures 
characterized all broken bars of both types 
when annealed, irrespective of testing 
temperature. 

Effect of Welding— An attempt was 
made to compare the actual coarsening and 
sensitization which accompany welding of 
these two alloys with the laboratory heat 
treatment given the specimen bars, since 
it was impractical to make impact tests on 
actual heat affected areas of stock subjected 
to cold work. Consequently, material of 
each type was hot forged into %-in. strips 
and then water quenched from 2050° F. 
A full penetration weld using 19% chro- 
mium, 9% nickel electrodes was then made. 
Samples of the weld cross section were 
then subjected to the Strauss test in the 
as-welded condition. Bend tests of the heat 
affected areas of the stock indicated that 
the Type 302 stainless steel had become 
sensitized during welding, while Type 304 
stainless had not. 


Microscopic Examination 


Transverse cross sections of the cold 
drawn specimen bars have been polished 
and then etched with a modified aqua regia 
solution containing an excess of cupric 
chloride. Comparisons were made on the 


Table I— Impact Tests on Type 302 Stecl 
(0.14% Carbon) 





DEGREE OF 
CoL_p Wonk 


ANNEALED SPECIMENS 


SENSITIZED SPECIMENS 








0% 

5 
10 
15 
20 


0% 
5 
10 


15 








RANGE | Avenace | RANGE AVERAGE 


Tests Made at Room Temperature 
| 69.6 to 100.3 | 


74.7 to 83.5 
55.2 to 64.8 
52.2 to 57.4 
47.9 to 53.1 
45.4 to 49.6 


42.6 to 51.5 
Tests M: 


58.1 to 76.6 
53.1 to 67.2 
49.6 to 55.4 
43.9 to 52.6 
42.6 to 45.9 


| 


Tests M: 
| 69.0 to 72.1 
| 57.4 to 65.5 
| 51.2 to 57.2 
| 48.4 to 53.3 


ide 





79.7 
60.5 
54.4 
50.6 
46.9 
ide 
70.9 
60.9 
55.1 


1. 
6. 


66.5 
59.3 
52.5 
49.9 
43.7 


at —150° F. 








60.2 to 
51.0 to 
52.1 to 
42.4 to 


41.2 to 
40.3 to 
36.5 to 
28.0 to 
21.7 to 


at —300° F. 


10.0 to 
10.7 to 
10.0 to 
8.9 to 
7.8 to 


47.6 
51.4 
45.1 
30.3 


25.6 


12.2 
11.9 
11.9 
10.0 

8.4 


66.5 | 
56.6 
54.7 
49.5 | 


| 
| 
| 














Table II — Impact Tests on Type 304 Steel 
(0.07% Carbon) 





DEGREE OF 
Co_p WorK 


ANNEALED SPECIMENS 


SENSITIZED SPECIMENS 





RANGE 


AVERAGE 


RANGE 


AVERAGE 








0% 

5 
10 
15 
20 


0% 

5 
10 
15 
20 


0% 

5 
10 
15 
20 





Tests Made at Room Temperature 


69.4 to 80.8 
56.5 to 76.8 
52.9 to 59.3 
51.2 to 54.7 
47.8 to 52.4 


Tests Mz 


77.2 to 84.7 
71.1 to 83.7 
62.0 to 67.6 
54.0 to 63.1 
49.8 to 58.4 


Tests Made 


76.8 to 81.0 
64.8 to 71.7 
59.0 to 65.5 
53.3 to 58.3 
48.1 to 53.3 


75.6 
65.5 
56.0 
52.3 
50.1 


76.6 to 86.6 
61.1 to 69.6 
54.7 to 65.5 
54.5 to 60.6 
46.9 to 56.5 


ide at —150° F. 


82.4 
75.6 
65.5 
58.4 
52.8 


79.7 
68.4 
62.1 
55.9 


51.7 














73.0 to 88.6 
67.4 to 76.8 
62.6 to 67.2 
50.5 to 64.4 
47.9 to 60.6 


at —300° F. 


44.9 to 65.7 
37.9 to 56.3 
28.6 to 40.1 
19.8 to 30.3 
19.6 to 22.9 


81.1* 
65.4 
59.6 
56.1 
50.7 


78.7 
72.8 
64.5 
58.6 


53.7 


60.0 
47.6 
34.8 
25.1 
20.9 








*No specimen broke completely. 


Table III — Hardness of Cold Worked 18-8 





AMOUNT OF 


Type 3 


02 


TYPE 


304 





REDUCTION 


ANNEALED | SENSITIZED | ANNEALED 


SENSITIZED 








0% 
5 

10 
15 
20 





ou 


QQann 
wnwnweos~ 
~J 


-~ 
a 


B-79 
B-95 
C-24 
C-25 
C-27 


| 


B-81 
B-91 
C-24 
C-26 
C-26 





B-74 
B-88 
C-22 
Cc. 
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microstructures at the approximate center of the 
0.562-in. diameter bar.* Fig. 3 gives four repre- 
sentative views. Type 302 without cold work 
microstructure not shown) appears quite similar 
to the micros after 5% cold work, either in 
annealed or sensitized condition, except that few 
if any of the grains as annealed etch any more 
darkly than the average tone. Striations in the 
grain (incipient in the 5% reduced metal) develop 
regularly with degree of cold work, as does the 


Room Temperature 


—150° F. 


precipitation of carbides at the grain boundaries 
is shown at high magnification in Fig. 4 for both 
types of alloys cold drawn 20%. 

A photomicrograph comparing the metal at 
the boundary layer of a full penetration weld in 
Type 302 stainless steel is presented in Fig. 5, 
p. 704 (weld at extreme bottom). Precipitated 
carbides resulting from welding in Type 302 do 
not exist in the weld in Type 304 following similar 
treatment. 


-300° F. 


Fig. 2 — Impact Test Bar Fractures for Type 302 in the Sensitized Condition. (Full size) 


iverage grain size in the heat treated specimens. 
Grain and boundary structures in cold worked 
[ype 302 are shown in more detail at high 
magnification in Fig. 4. 

The grain size is similar for both Type 302 
and Type 304 when annealed at 2050°F. Grains 
voarsen considerably on heating to 2250° F. before 
the sensitization treatment, but again the grain 
size of the two alloys is similar. The effect of 
increasing amounts of cold work is similar for 
both alloys, regardless of heat treatment. The 


*Epitror’s Notre —A _ series of micros of utmost 
excellence accompanied the original manuscript. 
Unfortunately space permits reproduction of only a 
few of them. 


Discussion of Test Data 


The hardness, both as annealed and as sensi- 
tized, has increased with increasing amounts of 
cold work for both alloy types in similar degree. 
A decided drop in rate of hardening occurs at 10% 
cold work; between 10 and 20% cold work the 
hardness increases only 2 to 4 points on the Rock- 
well C-seale. Generally, the higher carbon 
content of Type 302 stainless steel is reflected in 
increased hardness values over the Type 304 in 
both annealed and sensitized conditions. 

Notch impact tests at room temperature show 
decreasing ductility with increased cold work. 
The rates of change are similar for both alloys 


November, 1948; Page 701 








The sensitized alloys exhibit slightly higher aver- 
age values than those annealed, but this variation 
did not exceed 5 ft-lb. at any time. Generally, 
20% cold work resulted in approximately 50% 
lower energy absorption values in the room tem- 
perature tests. 

When tested at —150°F., Type 304 showed 
slightly higher impact values than obtained at 


Annealed, Cold Worked 5% 


Sensitized, Cold Worked 5% 


and 9 ft-lb. below figures for Type 304 alloy at this 
temperature. 

The spread between the high- and low-carbon 
18-8 steels becomes more apparent (as well as the 
effect of increased grain size) when these alloys 
are notch tested at —300°F. It is interesting to 
note from the data in Tables I and II that Type 
302 sensitized has dropped to about 10 ft-lb. The 


Annealed, Cold Worked 20% 


Sensitized, Cold Worked 20% 


Fig. 3 — Type 302 Stainless Steel, Annealed and Cold Worked (Above) and Annealed, Sensi- 
tized and Cold Worked (Below). 100X. Etched in aqua regia containing cupric chloride 


room temperature, and no great difference existed 
between tests of the metal in sensitized and in 
annealed condition. The effect of carbide precipi- 
tation at the grain boundaries began to be reflected 
at —150°F. in the sensitized higher carbon Type 
302; impact values were about half as high as at 
room temperature. Annealed Type 302 is about as 
tough at —150° F. as at room temperature. How- 
ever, annealed values for Type 302 are between 6 


alloy has been embrittled to such a degree by hea! 
treatment that subsequent cold work has no! 
altered its notch sensitivity; in other words, cold 
work had no effect on the sensitized steel at this 
low temperature. Annealed 302 was slightly less 
tough at —300° F. than when tested at —150° F. 
Impact values for annealed Type 304 al 
300° F. were but slightly below those occurring 


at —150°F. The effect of grain coarsening, ¢'™ 
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bined with moderate carbide precipitation, on the 
notch toughness of this alloy is shown in the fig- 
ures for sensitized steel. Impact strengths were 
lowered from 60 ft-lb. with no cold work to 20 ft-lb. 
after 20% cold work — about 25 ft-lb. (on the 
average) lower than the figures for annealed and 
cold worked bars, not sensitized. 

Examination of the broken test bars reveals 


Type 302 Annealed 





Type 302 Sensitized 


showed increasing embrittlement and crystallinity 
with increased cold work at —300° F. 

During the preliminary annealing the alloys 
were heated to a high temperature to dissolve 
completely those elements capable of forming 
separate crystallites on cooling. When this solid 
solution is quenched, it is retained in a state of 


supersaturation. Subsequent reheating to a tem- 


Type 304 Annealed 


Type 304 Sensitized 


Fig. 4 — Views at High Magnification of Grains and Grain Boundary Condi- 


tions of 18-8 After 20% Cold Work. 


fibrous ductile fractures in both alloys at all tem- 
peratures when tested in the annealed state, or at 
room temperature in the sensitized condition. At 
~150° F. both alloys exhibit moderate crystalline 
fractures with decreasing ductility as the amount 
of cold work increases; however, Type 302 shows 
this to a greater degree (Fig. 2). Brittle crystal- 
line fractures were obtained in all tests at —300° F. 
of sensitized Type 302. Type 304, sensitized, 


750 X except lower right, which is 2500 X 


perature in the 900 to 1400°F. range causes the 
dissolved carbon to migrate to the grain bound- 
aries at a more rapid rate than the chromium, 
leaving the immediately adjacent metal greatly 
depleted in chromium as the carbon takes it ou! 
of solution there and forms carbides. The deposi- 
tion of brittle carbides at the grain boundaries 
tends to envelop the normally tough austenit« 
with a honeycomb of brittle carbides. This 
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embrittlement becomes very serious when the grain 
size becomes large and sufficient carbon is present. 

Types 302 and 304, in the annealed condition, 
reflect in their high energy values the uniform dispersion 
of chromium and of carbon throughout each grain. 
Increased hardness resulting from cold deformation has 
increased the brittleness at all temperatures of testing. 

When analyzing the test data of these alloys in the 
sensitized state, it is felt that Type 302 stainless steel 
reveals principally the relationship between carbide 
precipitation and energy absorption at low temperatures, 
while figures for Type 304 stainless steel are primarily 
indicative of the relationship between grain size and 
energy absorption. 

The above findings may be translated into actual 
low-temperature service conditions when the welded 
specimens are considered. Microexamination of the 
weld area reveals moderate grain coarsening in the heat 
affected zones of both alloys. Only the higher carbon 
Type 302 shows carbide precipitation at grain bound- 
aries. This embrittled condition will result in increas- 
ingly lower ductility as the temperature is decreased. 
Bending stresses will impose cold work upon weld areas. 
From the data obtained in this investigation it is 
reasonable to assume that energy absorption values will 
be considerably lower than anticipated if the designer 
depends on the annealed low-temperature impact char- 
acteristics of these austenitic stainless steels. 


Conclusions 





1. Grain coarsening through heat treatment results 
in lowered notch impact values at subatmospheric 
temperatures. 

2. The degree of sensitization is proportional to 
the carbon content in the austenitic 18-8 alloys. 

3. Cold deformation increases the hardness. 

4. Ductility, as measured by the Charpy keyhole 
notch impact test, decreases with increasing amounts 
of cold work. 

5. Both Type 302 and Type 304 stainless steels in 
the annealed state are only slightly temperature- 
sensitive. 

6. Type 304 stainless steel in the sensitized con- 
dition is stable, as far as energy absorption values are 
concerned, down to —150° F.; at —300° F. impact values 
dropped 20 to 30 ft-lb. 

7. Sensitized Type 302 stainless steel shows 
increasing embrittlement with decreasing temperatures. 

8. At —300°F. the notch toughness of sensitized 
Type 302 is not affected by cold work. i] 


Fig. 5 — Composite Photomicrograph at 100 X of As-Welded 
Bar of Type 302, Previously Annealed at 2050° F. Note ac- 
centuated boundaries (carbide precipitation) throughout all the 
plate material shown, as well as in the coarse dendrites of the weld 
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on SCRAP-COLLECTIONS 
in your plant? 


Scrap collections warrant determined action by 


€ top-level management, because output of vir- 

ey tually everything from adding machines to 
zephyr cloth is jeopardized by the continuing 

\ acute scrap shortage. 

\ 


Take a good look around your plant . . . comb 
your entire property for broken, worn-out or 
obsolete machines . . . discarded line shafting . . . 
unusable girders... old chain... every sort of 
scrap metal. 





Consult your local scrap dealer for advice on 
types, grades and sizes. 


The amount of steel available depends upon the 
tonnage of scrap turned in. Everyone is affected 
by the scrap situation, and now is the time for 


each individual to get every available pound of 
scrap back to the mills. 


* 


MORE SCRAP—MORE STEEL 
Move your scrap to the mills 


SELL IT—SHIP IT—MOVE IT NOW! 


YN 
Semncee of IED seme < 


THE INTERNATIONAL NICKEL COMPANY, INC. iwten 5% 
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By R. A. Chegwidden 
Magnetics Research Dept. 
Bell Telephone Laboratories 
Murray Hill, N. J. 


Both the high-permeability materials 
and the alloys used for permanent 
magnets are included in this review. 
The author has also compiled a data 
sheet (printed on page 704-B of this 
issue) which summarizes the typical 
properties of all the materials dis- 
cussed in this article. 





N COMPARISON with the huge tonnages of 
structural steel and nonferrous metals produced 
in this country, the output of magnetic materials 


is small. Their importance can hardly be over- 
emphasized, however,. when it is realized that 
almost all electrical apparatus depends on them in 
some manner for power and performance. 

In this discussion of magnetic materials, an 
attempt will be made to describe the present state 
of the art in this country, with particular empha- 
sis on materials used in communication systems. 
The properties of a number of these materials will 
be given and some of the developments in mag- 
netic theory will be mentioned. 

It is customary to divide magnetic materials 
into two groups—the strongly magnetic, or 
ferromagnetic materials, and the weakly magnetic, 
or paramagnetic and diamagnetic materials. Since 
the latter have only specialized uses, this discus- 
sion will be limited to ferromagnetic materials. 

Magnetization Curve and Hysteresis Loop — 
lf a ring sample of a ferromagnetic material is 
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wound with two copper wire windings, a primary 
and a secondary, and a magnetizing force is cre- 
ated by means of an electric current in the pri- 
mary, the magnetic flux density, as measured by 
a fluxmeter connected to the secondary, will be 
found to be hundreds, perhaps thousands of times 
that produced were the magnetic material not 


there. The ratio of the flux density, B, to the 
magnetizing force, H, is a measure of the permea- 


Fig. 1— Typical Magnetization 
Curve and Hysteresis Loop for Iron 
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bility, », of the material. If a plot is made of B 
as H is increased, we obtain the familiar mag- 
netization curve (Fig. 1) which finally reaches a 
maximum or saturation point characteristic of the 
material under test. If now the plot is continued 
as H is reduced to zero, increased to a maximum 
in the negative direction and continued back to a 
maximum in the positive direction, we obtain the 
characteristic hysteresis loop for the sample. The 
























area enclosed within the loop indicates the energy 
lost in the process; the point at which the loop 
crosses the ordinate indicates the residual induc- 
tion, B,, which is the flux density retained in a 
closed magnetic circuit after magnetization; and 
the point at which the loop crosses the abscissa 
indicates the coercive force, H,, the measure of the 
material’s ability to resist demagnetization after 
magnetizing. The magnetization curves and 
hysteresis loops plus the electrical resistivity give 
most of the essential information for evaluating 
magnetic materials. High resistivity is desirable 
for alternating-current applications to keep eddy- 
current losses at a minimum. 

Present Theory — Of all the elements only 
iron, nickel and cobalt are strongly ferromagnetic. 
Although this has been known for many years, it 
is only within recent years that a satisfactory 
theory has been developed to 
explain the phenomena. 

Present theory, ably 
described by Bozorth,! ascribes 
the property of ferromagnetism 
to the spinning electrons within 
an incomplete inner electron 
shell of the atom and to the spac- 
ing of the atoms. The electrons, 
spinning in clockwise and coun- 
terclockwise directions, act as 
tiny magnets and in many atoms 
the spins neutralize one another 
so that no excess spin remains to 
produce manifestations of mag- 
netism. In iron, cobalt and 
nickel, however, there is an 
excess of electrons spinning in 
one direction and the spacing of 
the atoms is such that the effects 
can add up to produce a high 
degree of ferromagnetism. The 
electron shells in the iron atom 
can be pictured as in Fig. 2. A 
few other elements such as man- 
ganese and chromium also have incomplete inner 
electron shells but the normal spacing of the atoms 
does not fulfill the conditions necessary to produce 
ferromagnetism. A favorable spacing of the atoms 
in alloys such as the Heusler alloys, composed of 
manganese, copper and aluminum, is believed to 
account for their ferromagnetic behavior. 

The magnetization curve and hysteresis loop 
are explained in terms of the domain theory of 
magnetism which states that the fields from 
groups of atoms align themselves, even in the 
unmagnetized state, in small volumes called 
domains. Within a domain the fields from the 


i1Literature references will be found on p. 714. 


Fig. 2 (Above) — Electron 
Shells in the Iron Atom 


Fig. 3 — The Three Kinds of 
Changes in Magnetization. 
Insert shows small steps char- 
acteristic of Barkhausen effect 


spinning electrons are all in alignment and thys 
at the saturation point — magnetically saturated 
that is to say. In an unmagnetized piece of iron, 
for example, the fields of the domains are jp 
random directions but their vector sum is zero 

When a magnetic field is applied, magnetism 
progresses as a boundary displacement which 
results in an enlargement of those domains in line 
with the applied field at the expense of their less 
favored neighbors; as the field is increased, more 
and more domains are brought in line until] aj 
high fields practically all the domains are finally 
forced to align themselves in the direction of the 
applied field and the material reaches magnetic 
saturation (Fig. 3). 

Evidence of the existence of domains was first 
deduced from the Barkhausen effect (insert of 
Fig. 3), which shows that magnetization pro- 

gresses in small definite steps. 
Conclusive evidence is had when 
finely divided ferromagnetic 
compounds settle on the surfaces 
of unmagnetized and magnetized 
samples? (Fig. 4). To exhibit 
high permeability, the domains 
must be free to align themselves 
easily in the direction of an 
applied field. Proper heat treat- 
ment to produce strain-free con- 
ditions is thus essential (Fig. 5) 
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High-Permeability Materials 


Until the twentieth century, unalloyed iron 
was the only high-permeability material of impor- 
tance. Even today, because of its low cost, iron is 
used in great quantities for magnetic purposes 
It is usually made by the openhearth process, ho! 
rolled to a convenient size for cold rolling, then 
cold rolled to the desired thickness. It is used in 
telephone relays, switches, coin collectors and all 
sorts of direct-current apparatus. Although com- 
mercial iron made for magnetic purposes contains 
only very small amounts of impurities, their 
deleterious effect is such that eventually !arge 
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“ ots 1MM 
Fig. 4 — Powder Patterns on Silicon-Iron Crystal as CRYSTAL AXES “i call 
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it Changes From Unmagnetized State (a) Through 
(b), (c), (d), (e) and (f) to the Saturated State (g) 


H —-+ INCREASING (a) TO g) 


reductions in the initial magnetic quality occur, impurities are reduced to very low levels (Fig. 6 
as time goes on, in iron subjected to the operating and 7). These results were produced by heat 
temperatures common to many types of electrical treatments for long periods of time at tempera- 
devices. Even at room temperature, this aging tures near the melting point in pure, dry hydro- 
effect is apparent. gen or ina vacuum. High-purity iron of this type 

The work of Cioffi? at the Bell Laboratories 
and Yensen* of Westinghouse has shown that 
remarkable improvements can be obtained in the 
magnetic quality of iron if certain nonmetallic 
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Fig. 6 — Permeability Curves of Ordinary 
Fig. 5 — Effect of Heat Treatment on the Iron and of Iron Purified by Heat Treat- 
Magnetization Curve for Iron (Cioffi) ment in Hydrogen at 1500° C. (Cioffi) 
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not only has excellent magnetic quality than along other directions. The work of Williams,’ fo, 
but is nonaging as well. Typical compo- example, indicates that very high magnetic quality can }h,. 
sitions of such material, as compared with obtained in pure silicon-iron crystals, along the (100) crys. 
Armco iron, are shown in Table I, in tal plane (Fig. 8 and 9). 
which it is indicated that even tiny A commercial method for producing a high degree of 
preferred orientation of the silicon-iron crystals in a poly. 
crystalline sheet was patented by Goss of the Cold Meta) 

Fig. 7 — Effect of Carbon on the Maxi- Process Co. in 1933. This process, a combination of heat 

mum Permeability of Iron (Yensen) treatment and cold rolling, has been developed further by 

320000 several companies, and grain oriented silicon-irons of high 
a quality are now being produced. One of these is perhaps 
roy a ¢ Oxygen better known as Hipersil. The properties of grain oriented 

Extrapolated for , | materials are usually outstanding only when the magnetiza. 
Single Crystal tion is in the direction in which the material was rolled 
| (Fig. 10 and Table II on p. 710). 

Silicon-irons, like iron, are produced by the openhearth 
process. Until a few years ago, most of them were hot rolled 
into sheets by a pack-rolling process. The trend now, how- 
ever, is toward cold finished strip furnished in coils; this 
has certain advantages in manufacture and fabrication. 
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TINT] TOI | Nickel-lron Alloys 


Trt T T = The need for materials of higher permeability for tele- 
7 mY phone equipment led to the discovery and development by 


0002 2004 0006 00080010 Q012 +#§~lmen’ at the Bell Laboratories of the nickel-iron alloys 
Carbon. Vo called Permalloys, the first materials of very high perme- 















































Table I— Compositions of High-Purity Irons 





MATERIAL c S MN P S1 Oo —_ 


Armco iron 0.018 | 0.030 0.002 | 0.030 7,000 
After 3 hr. at 

1475° C. in dry H, 0.006 | 0.028 0.003 30,000 
After 18 hr. at 
. 1475° C. in dry H, <0.003 | 0.028 0.003 227,000 









































amounts of interstitial elements like carbon, nitrogen, sulphur, 
and oxygen can cause strains in the crystal lattice that adversely 600 000 
affect magnetic quality. This high-quality iron has not found 
widespread use in American industry as yet, however, because 


of the cost of the purification treatment. 5090000 | 


Silicon-lron, or “Electrical Steel Sheet’’ 400 000 | 


At the beginning of the twentieth century, Hadfield of Eng- 
land introduced the first important alloy of high-purity iron, 
namely silicon-iron. Silicon-iron, containing up to about 4% 
silicon, is low in cost, practically nonaging and has lower losses 
and, for many purposes, better magnetic quality than iron. Its 200 000 + 
higher electrical resistivity makes it suitable for alternating- 
current machinery where it is used in great quantities. 100 000 \~ +—-N0)- | | 

A study of the magnetic properties | 3 
of single crystals has shown that the 
properties along a certain preferred 
direction may be many times better 


300 000 


Permeability 








| ; — if t 

Fig. 8— Permeability of a we ON 

Single Crystal of Silicon-Iron ~“Q 4000 8000 2000 16000 
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an be ability. One of the first of these alloys, 78 Perm- 

sal alloy, was developed for loading submarine cable 

oe af and for sensitive telephone and telegraph relays. 

poly. Its magnetization curve, in comparison with that 

Meta) of Armco iron, is shown in Fig. 11. 

host The high permeability of the Permalloys can 

r by be accounted for in part by the fact that they have 

high a low anisotropy constant K, which is a function 

haps of the difference between the magnetization curves 

snted in the (100) and (110) directions of a single 

ies crystal. The constant is positive for iron, negative 

olled for nickel, and practically zero for Permalloys in 
the range 60 to 70% nickel. When the anisotropy 

arth is small, the magnetic domains can respond more 

olled easily to magnetic fields. el 

“one Also, the magnetostriction effect (the slight 

this 

tion. 

tele- 

t by 

loys 

me- [100) [110] fi] 





Fig. 9 — Location of Samples in the Crystal of Sili- 
con-Iron Having Permeability as Shown in Fig. 8 







change in physical dimensions that occurs when 
a ferromagnetic body is magnetized) is positive 
for iron and negative for nickel. The algebraic 
sum of these forces is approximately zero for the 
alloy containing 80% Ni and 20% Fe, and it is in 
this region of low anisotropy and low magneto- 
striction that we find alloys of very high initial 
permeability. Although outside this range, 
45 Permalloy has excellent over-all properties and 
has many uses because of its higher saturation 
and resistivity. It is still the best alloy for many 
alternating-current devices such as certain types 
of voice frequency coils, relays, and receivers. 


























Flux Density B, Kilogausses 
Fig. 10 — Permeability of Hot Rolled 
and Grain Oriented Silicon-Iron 
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Nickel-iron alloys in the 45 to 50% nickel class 
are manufactured as Nicaloi, 4750 alloy, Carpen- 
ter 49, Armco 48, and others, and in a high-purity 
form called Hipernik. The permalloys, because of 
their high permeability and low losses, have made 
possible many of the improvements we enjoy in 
telephone equipment today. 

A new development in this same field of 
alloys is the grain oriented 50% nickel-iron alloy 
developed for use in certain reactors for mechani- 
cal rectifiers in Germany and called Permenorm 
5000-Z. This material is characterized by a hys- 
teresis loop that is substantially rectangular. A 
description of the material and its heat treatment 
is given in a U. S. Naval Ordnance publication, 
“Papers Presented at the Naval Ordnance Labora- 
tory Magnetic Materials Symposium”, dated June 
15, 1948. Permenorm 5000-Z requires 99% cold 
reduction to develop grain orientation. It is not 
yet available commercially. 

The addition of molybdenum or chromium 
to the nickel-irons increases the resistivity and 
produces still more interesting alloys. Examples 
are 4-79 Molybdenum Permalloy containing 4% 
Mo and 79% Ni, and Mu Metal, containing 75% Ni, 
2% Cr and 5% Cu. Both these materials are 
capable of initial permeabilities higher than 
20,000. This compares with 200 for Armco iron 
and 5000 for hydrogen-purified iron. 

Other variations of the nickel-irons include 
the high resistivity alloys Monimax and Sinimax. 
These are modifications of 4750 alloy with molyb- 
denum or silicon. 


Supermalloy 


Recent development work at the Bell Labora- 
tories on molybdenum permalloy using high- 
purity techniques has produced a remarkable 
material called Supermalloy.' Supermalloy is 
capable of initial permeabilities greater than 

















12000 
Permalloy 
8000 
Q 
4000 }- 
Armco Iron 
O =~ l 
0 02 04 06 08 /0 
Ay 


Fig. 11 — Magnetization Curves 
for Armco Iron and 78 Permalloy 









100,000 and maximum permeabilities approaching 


1,000,000, by far the highest values reported for 
polycrystalline materials (Fig. 12). 
contains about 79% nickel, 5% molybdenum, 15% 
iron and 0.5% manganese. It is melted in an 
induction furnace, then hot and cold rolled to size. 
Parts made of it are finally heat treated at 1300° C. 
in pure, dry hydrogen and cooled at a controlled 
rate. Although it is not yet available for general 
use, tons of this material have been made on a 
large-scale laboratory basis and it is expected that 
it will soon be in commercial production. 

High initial permeability is of special inter- 
est to communication engineers. The progress in 
the development of materials having high initial 
permeability is shown in Fig. 13. The “1040 alloy” 
referred to in the figure is of German origin and 
contains 72% nickel, 14% copper, 3% molybde- 
num, the rest iron. 

The nickel-iron alloys are unsurpassed for 
magnetic quality at low and moderate flux densi- 


Supermalloy 


abilities of any known material at very high fly, 
densities (Fig. 14). Vanadium Permendur can be 
cold rolled into relatively thin sheet, and it js 
used in the diaphragm of the modern telephone 
receiver. It has an important bearing on its high. 
fidelity performance. 

The other permendurs can only be hot rolled 
or hot forged. As noted above, the addition of 
about 2% vanadium makes it possible to cold roll 
the material into thin sheets. 

For high-frequency applications or high- 
stability communication circuits where core losses, 
particularly eddy-current losses, must be kept 
extremely low, it has not Leen found possible to 
meet design requirements with sheet materials. 
The problem was solved by using finely divided 
ferromagnetic powders mixed with suitable non- 
conducting materials to insulate the powder par- 
ticles from one another. One of these materials 
is pure iron powder produced from iron carbonyl 
and known to the trade as carbonyl iron. Car- 


Table II — Some Properties of Samples of Silicon-Irons in 0.014-In. Sheet 





DENSITY, 
G. PER 
Cu.CoM. 


POWER D.C. PERMEABILITY AT COERCIVE 
Loss,* FORCE, 


Watrts/Ls.| 100 Gausses Max. /|15,000 Gausses| OERSTEDS 


RESISTIVITY, 
MICROHM-CoM. 





GRADE | % Si 








4.3 = 5,500 800 0.9 19 
3.6 — 6,000 600 0.85 27 
2.65 ~- 5,800 600 0.75 42 
2.15 1,100 5,800 450 0.65 50 
1.4 2,000 9,000 300 0.3 65 
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Grain oriented 
(Parallel to roll- 
ing direction) 1.0 3,000 
(Transverse to 
rolling) 1.4 1,200 

















30,000 


10,500 500 0.3 47 7.67 


7,700 0.15 47 7.67 




















ties but their relatively 


*Power loss=core loss at 60 
cycles and at B= 15,000 gausses 
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low saturation points 


make them unsuitable 
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for high-density appli- 
cations. For high elec- 
trical density there are 
the permendurs, another 
Bell System develop- 
ment, and Hiperco, pro- 
duced by Westinghouse. 
These are alloys of iron 
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and cobalt, and some 
contain vanadium or 
chromium. 

Because of the high 
cobalt content, they are 
expensive and difficult 
to fabricate but they 
have the highest perme- 


Induction B, Kilogausses 


Fig. 12 (Above) — Permeability of 
Supermalloy and Molybdenum Permalloy 


Fig. 13 (Right) — Development of Mate- 
rials Having High Initial Permeability 
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bony! iron cores are frequently used for the tuning 
components in push-button radio sets. Powdered 
molybdenum permalloy, another material of this 
type, is a valuable substance for the manufacture 
of loading coils for long telephone lines. 

For certain types of loading coils where an 
exceptional stability is required, temperature- 
compensating alloy powders are added. The per- 
meability of magnetic materials at low flux 
densities generally increases with temperature up 
to a certain point and then decreases with tem- 
perature, becoming nonmagnetic at a temperature 
known as the Curie point for the material; at high 
flux densities the induction decreases with tem- 
perature. By developing a high-molybdenum alloy 
with a low Curie point, it was possible to compen- 
sate for changes in permeability with temperature 
in the standard permalloy powder core. 

One of the new and interesting developments 
in low-loss magnetic materials is the work on 
ferrites recently reported by the Philips Co. of 
Holland. By proper selection and by process- 
ing complex ferrites to form spinel structures, 
they have found it possible to obtain materials 
having low crystal anisotropy and low magneto- 
striction, resulting in the attainment of high initial 
permeability accompanied by extremely high 
resistivity. Initial permeabilities of the order of 
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Fig. 14 — Magnetization Curves of Various Materials 


1000 accompanied by resistivities of up to 10° 
ohm-cm. have been reported. This value of resis- 
tivity compares with 55X10 ohm-cm. for 4-79 
Molybdenum Permalloy. Ferrites, known as 


“Ferroxcubes”, are being made in Holland for use 
in coils operating at carrier and radio frequencies. 
The low saturation point, of the order of 2500 
gausses, would limit their use to applications 
involving low flux density. 

The ferrites are of the general formula 
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Curves for Various High-Permeability Materials 


MO-Fe,O, where M denotes a bivalent element. 
These materials, more like ceramics than metals, 
are expected to have many applications. The 
manner in which they are obtained opens a new 
field for research and may lead to other impor- 
tant developments. 

Figure 15 and the data sheet on p. 704-B 
give comparative properties for a number of 
high-permeability materials showing the wide 
range of properties now obtainable. 


Permanent Magnet Materials 


Permanent magnets are used to produce 
magnetic fields for many devices such as loud- 
speakers, meters, magnetos, telephone receivers 
and many other pieces of common electrical 
equipment. They are superior to electromagnets 
for many uses because they maintain their 
fields without an expenditure of power or heat. 

Whereas for high-permeability materials 
attempts are made to eliminate all sources of 
strain, in permanent magnet materials high 
internal strain in the crystal lattice may be 
desirable. 

Permanent magnet materials are evaluated 
in terms of their coercive force, H,, residual 
induction, B,, and maximum energy product, 
BH,,.x- This latter term is a measure of the 
maximum energy that can be obtained from a unit 
volume of the material. Its value is the maximum 
product of B and H in the second quadrant of the 
hysteresis loop, the so-called demagnetization 
curve for the material. 

Most of the important developments in per- 
manent magnets have occurred since about 1930. 





General Electric Co.§ produced the Alnico alloys, 
combinations of nickel, iron, aluminum, cobalt 
and copper. Powerful magnets made of Alnico 
have changed the conceptions of what can be 
accomplished with permanent magnets. Alnico 
magnets have replaced electromagnets in almost 
all loudspeakers, many types of small motors and 
generators, and in numerous other devices. 

The development of the most powerful of the 
Alnico type of alloy, known in this country as 
Alnico V, was based on research work in England 
and in Holland, where it was found that great 
improvements could be obtained by heat treating 
certain of these alloys in a strong magnetic field. 

It had been known earlier that high magnetic 
— qualities could be obtained in certain high-permea- 

Pass “4 in ——— bility materials such as 65 Permalloy® by heat 
§ 6000 +--4-}~ 7 Sh treating in a magnetic field, but until Alnico V 
, j was developed, no permanent magnet material 

was known to respond well to this treatment. 
This process has not been applied commercially to 


Before that time, all of the commercial permanent 
magnet materials were of the quench hardening 
type. Like many toolsteels they depended on 
carbon as the hardening agent. 

Prior to World War I, plain high-carbon 
steels and alloy steel with up to 6% tungsten were 
used. During World War I, high-carbon steels 
with 1 to 6% chromium came into use. Coercive 
forces for this group of alloys ranged from 40 to 
70 oersteds. The most significant improvement 
in the quench hardening alloys came in 1917 
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Fig. 16 — Demagnetization and Energy-Product Curves 
of Materials Having Intermediate Coercive Force 
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when the Japanese introduced 36% cobalt steel 
having a coercive force as high as 250. No other 
advances were made in this field until, in 1931, 
Seljesator and Rogers’? of Western Electric Co. 
reported the results of their application of the 
principles of dispersion hardening to a series of 
ternary alloys of iron and cobalt plus molybde- 
num or tungsten. A complete study of these alloy 
systems was made by Koster in Germany. The 
modern permanent magnet alloys, Remalloy, 
Indalloy and Comol, represent these materials 
(Fig. 16). These alloys can be hot rolled and are 
machinable. 


Remalloy, Indalloy and Comol 


Although the energy product of Remalloy is 
not much higher than that of 36% cobalt steel 
(see data sheet on p. 704-B), the material costs 
less and is essentially stable with time. Remalloy 
was the forerunner of the whole series of disper- 
sion hardening carbon-free permanent magnet 
materials from which modern magnets are made. 
Remalloy magnets are used in most of the present 
telephone receivers. 

Remalloy was followed quickly by the nickel- 
iron-aluminum Mishima alloys reported by the 
Japanese. Developments in this same field by the 


high-permeability materials, partly because the 
properties at very low flux densities are made 
poorer, partly because of the cost of the treatment, 
and also because materials processed in this man- 
ner have improved properties only in the direction 
in which the field is applied; in other directions 
the properties may be greatly inferior. These limi- 
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tations apply also to Alnico V, but they are rela- 
tively unimportant for permanent magnets in 
comparison with the advantages gained. Alnico V 
has an energy product more than four times thal 
of 36% cobalt steel (Fig. 17). 

The Alnicos are hard, brittle materials that 
cannot be worked either hot or cold. Magnets 
made from them are usually cast and ground to 
size after heat treating. The heat treatment of the 
magnets consists of a high-temperature treatment 
at 1200 to 1300°C., followed by controlled cooling 
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to about 500° C., then a “bake” for a certain period 
at 600 to 650°C. to get the optimum properties. 
For Alnico V and a later variation, Alnico VI, the 
cooling from the high temperature is accom- 

lished in the presence of a strong magnetic field 
of 1000 oersteds or more. 

Small magnets of Alnico II, Alnico V and 
Remalloy are now also being produced by powder 
metallurgy. Such magnets after sintering at high 
temperatures are mechanically stronger than cast 
magnets and can be made to have similar mag- 
nelic properties after giving them a proper 
heat treatment. For small and intricately 
shaped magnets, the lost-wax process of pre- 
cision casting is sometimes used. 


Ductile Magnetic Alloys 


It has been customary to think of per- 
manent magnet materials as hard, brittle mate- 
rials that are difficult if not impossible to cold 
work. In recent years, however, permanent 
magnet alloys have been found that can be cold 
worked readily; in fact, great improvements 
in properties have been obtained in some of 
these by drastic cold reductions. Vicalloy,’® 
an alloy of vanadium, iron and cobalt, is one 
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to obtain metallic powders having intrinsic coer- 
cive forces and residual inductions comparable 
with some of the alnicos. A metallic powder called 
Hyflux is now being produced in this country as a 
thin coating on a paper tape for use in the record- 
ing of sound. 

The iron oxide magnetite, the earliest known 
magnet, has been combined with other iron oxides 
and cobalt oxides to form an interesting type of 
permanent magnet. These materials are non- 
metallic and, although their energy products are 




















0 |_| 
1000 800 600 400 200 O 4 @ $$ 4/06 
-H in Oersteds (BH) Energy Product 


Fig. 19 — Demagnetization and Energy-Product 
Curves of Several Materials Having High Coercive Force 


not very high by present standards, they 
have high coercive forces and are of light 
weight. One of these, called Vectolite, 
is used in airplane instruments where light 
weight is essential. 

Even the precious metals have been 
found capable of forming permanent mag- 
net materials. One of these, an alloy of 
silver, manganese and aluminum, called 
Silmanal in this country, has an extremely 


4 400 200 0 Q4 08 le 6 20 24 28 high intrinsic coercive force, 6000 oersteds, 
H BHx/0-6 although its residual induction is very 
small. Another of these alloys is composed 


Fig. 18 — Effect of Wire Drawing on Vicalloy 
(34% Fe, 52% Co, 14% V). After being 
cold drawn, the wires were “baked” at 600° C. 


of these (Fig. 18). Vicalloy ‘has been found to 
have superior quality for the magnetic recording 
of speech. Other alloys of this type are the 
copper-nickel-iron Cunifes and copper-nickel-iron- 
cobalt Cunico (Fig. 19). 

Within the last ten years, further work with 
fine iron powders by Dean and Davis" and others 
has disclosed that, if the particle size of a ferro- 
magnetic powder can be made small enough, per- 
manent magnet qualities are obtained (Fig. 16). 
By proper processing, it has been found possible 
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of platinum and cobalt. Both of these can 
be cold worked. The data on p. 
704-B gives properties for a number of 
permanent magnet materials. 

There seems to be no limit to the number of 
alloys that can be made to exhibit ferromagnetic 
properties. The future for magnetic materials is 
bright and in the years to come we cian expect 
materials having even lower losses, and better 
permeabilities at high flux densities. More power- 
ful permanent magnets and interesling develop- 
ments in the nonmetallic magnetic materials can 
be anticipated also. ~) 


(Literature references are on the next 
page. See also 704-B for tabular data.) 
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M. Bozorth, Journal of Applied 
Physics, V. 18, Feb. 1947, p. 173 to 
176; “Magnetism”, by R. M. Bozorth, 
Reviews of Modern Physics, V. 19, 
Jan. 1947, p. 29 to 86. 

2. “Direction of Domain Mag- 
netization in Powder Patterns”, by 
H. J. Williams, Physical Review, 
V. 71, No. 9, May 1, 1947, p. 636 
to 647. 

3. “Hydrogenized Iron”, by P. 
P. Cioffi, Physical Review, V. 39, 
1932, p. 363. 

4. “Magnetically Soft Materi- 
als”, by T. D. Yensen, Transactions 
of the American Society for Metals, 
V. 27, 1937, p. 797; “Magnetic Prop- 
erties of Iron as Affected by Car- 
bon, Oxygen, and Grain Size”, by 
T. D. Yensen, Transactions of the 
American Society for Metals, V. 23, 
1935, p. 556. 

5. “Magnetic Alloys of Iron, 
Nickel and Cobalt”, by G. W. 
Elmen, Journal of Franklin Insti- 
tute, V. 207, 1929, p. 583. 

6. “Non-Metallic Magnetic Mate- 
rials for High Frequencies”, by J. 
L. Snoek, Philips Technical Review, 
V. 8 p. 353 to 360; “1946 New 
Developments in Magnetic Mate- 
rials”, by J. L. Snoek, Elsevier 
Publishing Co., 1947. 

7. “Magnetic and Mechanical 
Hardness of Dispersion Hardened 
Iron Alloys”, by K. S. Seljesater and 
B. A. Rogers, Transactions of the 
American Society for Steel Treat- 
ing, V. XIX, 1932, p. 553. 

8. “Permanent Magnet Steels”, 
by W. E. Ruder, Jron Age, V. 157, 
1946, p. 65. 

9. “Heat Treatment of Magnetic 
Materials in a Magnetic Field”, by 
J. F. Dillinger and R. M. Bozorth, 
Physics, 1935, p. 279. 

10. “Vicalloy— A Workable 
Alloy for Permanent Magnets”, by 
E, A. Nesbitt, Metals Technology, 
Feb. 1946. 

11. U. S. Patents No. 2,132,404 
and 2,239,144, R. S. Dean and C. W. 
Davis. 

12. “Radio Frequency Cores of 
High Permeability”, by G. O. Alt- 
man and H. Beller, Electronic 
Industries, V. 4, 1945, p. 86. 


13. “New Developments in 
Electrical Steel Sheets and Strip”, 
by J. P. Barton, Electrical Manu- 
facturing, Feb. 1947, p. 105. 

14. “A Survey of Magnetic 
Materials in Relation to Structure”, 
by W. C. Ellis and E. E. Schu- 
macher, Bell System Technical 
Journal, V. 14, 1935, p. 8. 

15. “Ten New Magnetic Mate- 
rials in Review”, by A. E. Javitz, 
Electrical Manufacturing, Sept. 
1947, p. 74. 


16. “Nickel-Iron Alloys for 


Magnetic Circuits”, by L. C. Hicks, 
Electrical Manufacturing, Jan. 1946, 

17. “Magnetic Sound Record. 
ing on Coated Paper Tape”, by H. 
A. Howel, Journal, Society of Motion 
Picture Engineers, V. 48, 1947, p. 36. 

18. “Survey of Magnetic Mate- 
rials and Applications in the Tele- 
phone System”, by V. E. Legg, Bell 
System Technical Journal, V. 18, 
1939, p. 438. 

19. “Materials and Processes”, 
by J. F. Young, John Wiley & Sons, 
1943. 


Battery of Presses for Punching Stator Lam- 
inations. Courtesy Westinghouse Electric Corp. 
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JEWELRY FIRM 


Above: Rexlock for Rexbilt Case, and its parts. Made by the jewelry 
firm of Augat Bros., Inc., Attleboro, Mass. Many parts of Revere brass. 


Rexbilt Briefcase, made by Rexbilt Leather Goods 
Corp., 151 West 26th St., New York 1, N. Y. 


bem is the story of a briefcase. It has some unusual angles 
that will be entirely unsuspected by the men who hap- 
pily tote the case. They would never guess it, but the inter- 


esting and quite new combination lock was made by Augat 
Bros., Inc., Attleboro, Mass. The Augats are manufacturing 
jewelers, long-time customers of Revere. If those who buy 
the Rexbilt briefcase think the lock is a jewel, they will be 
quite right. 


Perhaps the Rexbilt Leather Goods Corporation, New 
York City, really did not have to go to a jewelry maker to 
have the new Rexlock made with the necessary precision. 
But you know how people are when they want to offer a 
really fine product. Fussy. That protects quality. Anyhow, 
Augat Bros. and Rexbilt are very happy, and so is Revere, 
for Revere brass is largely used in the lock wherever beauty, 
reliability and corrosion resistance are important. Some die 
castings and sheet steels are also used. This, then, is another 
good example of the wise choice of the proper materials to 


MAKES LOCK FOR BRIEFCASE 


meet operating conditions, assuring prolonged service and 
enduring satisfaction to the user. Incidentally, not only is 
solid brass used liberally in the lock itself, but the handle 
posts are of the same enduring metal. Thus you have a com- 
bination of good metals, good leathers, a good lock idea, to 
make a quality briefcase . . . . Revere is always glad to 
collaborate with manufacturers seeking good metals, and 
welcomes the opportunity to study both new and old 


applications. 


REVERE 


COPPER AND BRASS INCORPORATED 
Founded by Paul Revere im 1801 
230 Park Avenue, New York 17, New York 


Mills: Baltimore, Md.; Chicago, IIL; Detroit, Mich; New Bedford, Mass.; Rome, 
N. Y. — Sales Offices im Principal Cities, Distributors Everywhere, 
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Personals 


Richard Summers @, formerly a 
supervisor at Chase Brass & Copper 
Co., is now shop manager of Com- 
mercial Metal Treating Co., Inc., 
Bridgeport, Conn. 


Upon completion of the require- 
ments for M.S. degree from Virginia 
Polytechnic Institute, Ronald F. 
Dickerson @ has been employed as 
research engineer by Battelle Memo- 
rial Institute, Columbus, Ohio. 


W. T. Sweeney @, formerly direc- 
tor of research for Vernon-Benshoff 
Co., Pittsburgh, has been appointed 
research associate at the University 
of Michigan, working on research of 
dental materials in the School of 
Dentistry. 


Vincent L. Goulet @ has opened 
an office for Universal-Cyclops Steel 
Corp. in Rock Island, II. 


Russell C. Nelson @, who received 
his B.S. from Lehigh University in 
October 1948, has enrolled at Colorado 
School of Mines to work for his M.S. 
in metallurgy. 





DETREX builds all sizes of hand-operated and con- 
veyorized degreasers and washers for parts of 
every shape and size from needles to auto bodies— 
castings, forgings, tubing, 
wire and stampings—fer- 


rous, 


mixed loads— 


ume desired. 
Detrex Hand-Operated 
Vapor - Slush Degreaser 


non-ferrous and 
‘in any vol- 


For most jobs, standard 


Detrex machines provide top speed and econ- 
omy, either used ‘“‘as is’’ or with minor modifica- 


tions. 


same top efficiency. 


For the really unusual jobs, 
machines are designed and built to assure the 


special 


Three-Dip Detrex Degreaser 
with Cross-Rod Conveyor 


DETREX SPECIALIZED CLEANING AGENTS Include: 
DEGREASING SOLVENTS for 


* Both ferrous and non-ferrous 
metals, and adverse operating 
conditions—PERM-A-CLOR, the 
most highly stabilized of all trichlor- 
ethylene solvents. 


* Average applications—TRIAD, 


Conveyorized Detrex Multi. identical to Perm-A-Clor in cleaning 
Stage Washer with Three power 


Spray Zones and Blowoff 


ALKALI and EMULSION CLEANERS for 


* Aluminum parts and painted 
surfaces. 

* Brass, aluminum and white 
metal parts. 

* Heavy-duty cleaning of iron, 
steel and their alloys. 

* Cleaning and neutralizing prior 
to vitreous enameling. 


* Electrolytic cleaning espe- 
cially for plating. 

*x Heavy-duty stripping of pig- 
mented oil paints, synthetics, and 
baked enamels. 


* Removing all kinds of oils 
and insoluble dirt, without attack 
on surface or coating. 


Detrex machines and cleaning - ents, fitted to the job, assure fast and 


thorough cleaning at lowest cost 


hat’s why it pays to see your Detrex man 


on every metal-cleaning application 


DETREX 


If pera lenK 
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R. L. Ashbrook @ is now with the 
Armour Research Foundation, Chi. 
cago, as assistant metallurgist. 


Robert F. Hartmann ©, who re. 
ceived his B.S. from Missouri Schoo] 
of Mines and Metallurgy in June 
1948, is now a student in the graduate 
school of the Chrysler Institute of 
Engineering, Chrysler Corp., Detroit. 


Edwin E. Cornelius © is now sal- 
vage engineer of Fairbanks, Morse 
& Co., Beloit, Wis. 


E. C. Liker @ has organized Heat 
Treating Engineers, Inc., Milwaukee, 
a complete heat treatment plant. He 
was formerly associated with Claud 
S. Gordon Co., A. O. Smith Corp. and 
Allis-Chalmers Mfg. Co. 


Charles A. Klein @, formerly 
supervisor of the wire mill metallur- 
gical laboratory at Halcomb works, 
Crucible Steel Co. of America, has 
become a partner in the Klein Co., 
Rochester, N. Y. 


After graduating from Pennsyl- 
vania State College in June 1948, 
George W. Cleveland @ has been em- 
ployed in the metallurgical depart- 
ment of the Bridgeport Brass Co., 
Bridgeport, Conn. 


Jerard M. Pederson @ has accepted 
a position as an engineer in the air- 
craft gas turbine division of the Gen- 
eral Electric Co., Lynn, Mass. 


W. C. Royal @ is now representing 
Selas Corp. of America in Cleveland 
and northern Ohio. Mr. Royal was 
formerly sales engineer with the 
Pacific Gas Corp. in the midwest ter- 
ritory, and previous to this connec- 
tion, he was associated with several 
gas utilities in Michigan and Indiana 
as industrial engineer. 


Formerly metallurgist in the re- 
search and metallurgical laboratory 
of Simonds Saw & Steel Co., Ben- 
jamin Falk @ is now metallurgist 
with Arnold Engineering Co., Chicago. 


J. N. Carter @ is now manager of 
the American Foundry and Machine 
Co., Salt Lake City, Utah. 


Joseph Gurland @ has resigned his 
position of research engineer at Bat- 
telle Memorial Institute to complete 
graduate studies in metallurgy at 
Massachusetts Institute of Technol- 
ogy. 


John R. Low, Jr., @, formerly 
professor and chief of the division of 
metallurgy, Pennsylvania State Col- 
lege, is now research associate at the 
Knolls atomic power laboratory of the 
General Electric Co. at Schenectady, 
a Be 





Over 10,500 Hours —at 


1600° F.—2200° F. and 
Still Going Strong 
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That’s how 80-nickel, 14-chromium 
Inconel is serving as furnace rails, 
muffies, boats, and carrying trays 
for The American Electro Metals 
Corporation. 








Inconel muffle and rails in furnace of American Elec- 
tro Metals Corp., 312 Yonkers Avenue, Yonkers, 
N.Y. After 15 months, this Inconel equipment is in 
To obtain the best possible service from furnace parts excellent condition with no evidence of weld failures. 
and equipment in their 24-hour-a-day, 7 days a week 
operation at temperatures between 1600° F. and 
2200° F., American Electro Metals conducted experi- 
ments to decide which alloy they would use. 

For two years they tested various high temperature 
alloys in actual service competition. Results con- 
vinced them that Inconel* D-type muffies, trays, and 
boats, all fabricated from sheet material, were far 
superior to others tested. In the hydrogen atmosphere 
they use in sintering pressed powdered metal parts, 
for example, they found that fabricated Inconel trays Inconel muffle, showing the weld 
outlasted other alloys by 3 to 1. construction used to extend muffle length. 

So American’s engineers standardized on Inconel 
furnace equipment. And now, after 15 months’ con- 
tinuous operation, here’s what they have to say... 

“We have used our D-type Inconel muffles in our 

furnaces for over 10,000 hours of operation now. 

And there is still no sign of failure.” 

And that’s a typical Inconel service story. Strong, 
durable, Inconel does not scale away through oxida- 
tion. It resists embrittling effects of carburizing, 
nitriding, molten salts and other high temperature 
corrosive conditions. 

Today, the equipment you need can be made to 
order from Inconel. This alloy is immediately avail- 




















—-— ll 















able in sheet, bar, rod, wire mesh, and seamless tubing. Inconel boat for use in powdered metallurgy welded 
The illustrated booklet “For Long Life in Heat from Inconel sheet. 
Treating Equipment” tells you about Inconel — write 





for it today. 







Also, get INCONEL Thermocouple Protection Tubes 


They're seamless and corrosion resistant. Available in all 
needed sizes with one end closed and one end threaded. 
Ask your regular supplier. 













THE INTERNATIONAL NICKEL COMPANY, INC., 67 WALL STREET, NEW YORK 5, WN. Y. 


*Reg. U. 8. Pat. OF I , 


These perforated welded Inconel trays are designed 


* to carry loads up to 75 Ibs., at temperatures as high 
IMCONEL for long life at high temperatures as 2100° F. Shown here still young and strong... 


(00 NICKEL -16 CnmOnetine) after 10 months of service. 
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Are you going around in 


STAINLESS CIRCLES? 


Cutting Stainless Steel to shape is easy—when you have the 
proper equipment. 

G. O. Carlson, Inc. regularly supplies diameters from our own 
plate in sizes ranging from less than one inch to the world's largest 
—to your precise specifications, in any thickness. 

You usually save money and time by ordering diameters, 
circles, rings, and heads from G. O. Carlson, Inc. Highly specialized 
cutting facilities for Stainless Steel have been developed at our plant 
to handle a wide range of requirements. Why not take advantage 
of our equipment? 

Send us your next order for stainless steel diameters—pro- 
duced from plate to chemical industry standards, cut to your order 


ready to use. 


'ARLSON we. 


Stainless Steels Exclusively 


300 Marshalton Road, Thorndale, Pa. 
PLATES e FORGINGS e BILLETS « BARS « SHEETS (No. 1 Finish) 


Wareh distribut in princin=" cities 
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Personals 


Formerly metals specialist in the 
sales promotion department at Oakite 
Products, Inc., Laurence W. Collins. 
Jr.. @ is now executive assistant to 
the vice-president of Callen Simon & 
Morton, Inc., New York City. 


J. E. Boyle @ has recently been 
made manager of the Western Fibre 
Co., Caseyville, Ill. 


Carson B. Bartholomew 6, a re- 
cent graduate from Lehigh Univer. 
sity, has joined Blue Ridge Pressure 
Castings, Inc., Lehighton, Pa., as a 
metallurgical engineer. 


Ralph M. Heintz @ has left active 
management of Jack & Heintz Pre- 
cision Industries, Inc., to engage in 
research and development work for 
the company and the Government at 
the laboratory he will build at Los 
Gatos, Calif. 


After graduating from the Colo- 
rado School of Mines with the degree 
of metallurgical engineer, Edward D. 
Hyman © has accepted a position as 
a metallurgist with the Federated 
Metals Div. of the American Smelting 
& Refining Co., San Francisco, Calif. 


Robert W. Eck @, formerly a met- 
allurgical investigator with the Beth- 
lehem Steel Co., is now vice-president 
of Eck Foundries, Inc., Manitowoc, 
Wis. 


Donald Warren @ is now a grad- 
uate student in the department of 
metallurgy at Lehigh University, 
Bethlehem, Pa. 


After receiving his master’s degree 
at the University of Illinois in June 
1948, Wells E. Ellis @ started to work 
for Timken Roller Bearing Co. as a 
research metallurgist. 


Formerly with American Conm- 
pressed Steel Co., Jerry K. Weinberg 
@ is now metallurgical engineer for 
the Madison Smelting & Refining Co., 
Madison, Ind., cf which he is also part 
owner. 


After dissolving his partnership in 
the Alldredge & Simons Laboratories, 
Sanford L. Simons @ has set himself 
up as an independent consulting engi- 
neer, offering services in research, 
design and development in the fields 
of metallurgy, mechanics and nuclear 
reactions. 


Russell S. Solorow ©, mechanica! 
engineer with the Schlumberger We! 
Surveying Co., is now in their new 
research laboratory in Ridgefield 
Conn. 





THE LIGHT WEIGHT muffin pan at the top is seamless. It's the “Muffin- 
aire,” and it’s made by United Aircraft Products, Inc., Dayton, this way: 
Mill coils of the proper alloy of Kaiser Aluminum are automatically 
fed into 50 ton presses. In one quick operation the aluminum is blanked 
to size, flanged, and stamped with trade name and patent numbers. 
At this point it is ready for the spinning of the cups. 


Like United Aircraft Products, Inc., you can lower 
fabricating costs with the proper alloy of Kaiser Alu- 
minum. 

You can save manufacturing steps and handling costs 
because of its consistent high quality and workabil- 
ity. You can cut scrap losses, too. And you can obtain 


COLD BLANKS are placed in these special spinning presses and finished 
pans are automatically ejected in from 6 to 9 seconds! In that brief 
period 12 uniform cups have been spun to make a muffin pan that's 
strong, rustproof, and an excellent heat conductor. By conventional 
methods it would have been necessary to draw each cup separately, 
then attach them individually to the pierced blank. 


a lasting, bright finish by merely buffing! 

You'll have a product that has eye-appeal, se//-appeal. 
That can't rust, warp, chip,crack. That's light, durable. 
For your most difficult fabricating problems, call in a 
Permanente engineer. He can help you select the right 
alloy of the versatile metal— Kaiser Aluminum! 


For another dependable source... choose 


Kaiser Aluminum 


product of Permanente Metals Corp. 


SOLD BY PERMANENTE PRODUCTS COMPANY, KAISER BUILDING, OAKLAND 12, CALIFORNIA .. . WITH OFFICES IN: 


Adanta * Chicago * Cincinnati * Cleveland * Dallas * Detroit * Houston * Indianapolis * Kansas City * Los Angeles * Milwaukee 
Minneapolis * New York * Oakland * Philadelphia * Portland, Ore. * Salt Lake City * Seattle * Spokane + St. Louis * Wichita 
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HYDROGEN and 


Barrett Standard Anhydrous Ammonia, 

99.95% NHs, oxygen free, with a very low dew 
point, is an economical source of pure hydrogen 
and nitrogen. When dissociated, each pound 
produces approximately 34 cubic feet of hydrogen 
and 11 cubic feet of nitrogen. 


Engineers have discovered many advantages 

from the use of dissociated anhydrous ammonia 

in the production of controlled atmospheres in 
furnaces for bright annealing, clean hardening, 
copper brazing, sintering, reduction of metallic 
oxides, atomic hydrogen welding, radio tube sealing 
and other metal-treating practices. Anhydrous 
ammonia also has unsurpassed qualities in nitriding 
of steel, used as ammonia gas or dissociated. 
Metallurgists are effecting real economies by using 
Barrett Standard Anhydrous Ammonia as a 
replacement for other more expensive sources of 
hydrogen and nitrogen. For information, contact 
Barrett, America’s leading distributor of ammonia. 


THE BARRETT DIVISION 


ALLIED CHEMICAL & DYE CORPORATION 
40 RECTOR STREET, NEW YORK 6, N. Y. 
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Personals 


Joseph H. Faupel @, formerly 
associated with the department of 
engineering mechanics at the Penn. 
sylvania State College has joined the 
staff of the engineering department 
of the E. I. du Pont de Nemours and 
Co., Inc., Wilmington, Del., as a me. 
chanical metallurgist. 


Lo-ching Chang @, formerly a 
staff member of the division of 
industrial cooperation of Massachu- 
setts Institute of Technology, has 
joined Crucible Steel Co. of America 
as a metallurgist at the Atha works, 
Harrison, N. J. 


Alfonso L. Baldi, Jr., @ has joined 
General Chemical Div., Camden, N. J., 
as a design engineer. 


Thomas C. Nelson, Jr., @, a June 
graduate from the University of Cal- 
ifornia, has become associated with 
the General Electric Co.’s Richland, 
Wash., plant. 


Charles H. Avery @, formerly with 
Carol-of-California Co., is now in the 
process engineering department of 
Northrop Aircraft Corp., Hawthorne, 
Calif. 


Charles P. Gough © received his 
degree from Colorado School of Mines 
in May 1948, and thereupon accepted 
a position as metallurgist with Amer- 
ican Smelting & Refining Co. at Selby, 
Calif. 


George J. Miller @ has left his 
position as student engineer at 
Geneva Steel Co. in Utah to take a 
position as junior metallurgist with 
the Homestake Mining Co., Lead, S. D. 


Ralph G. Nevins, Jr., ©, pre- 
viously an instructor and student at 
the University of Minnesota, has 
taken a position as instructor in the 
mechanical engineering department at 
Kansas State College, Manhattan, 
Kansas. 


Francis M. Krill @ has recently 
been employed as research metal- 
lographer with the newly organized 
laboratory of the Trentwood, Wash., 
plant of Permanente Metals. 


Kenneth M. Gleszer @ is now chief 
engineer of American Sintered Alloys, 
Inc. 


Kenneth L. Tingley @, who has 
been with Scovill Mfg. Co. since 1937, 
has been promoted from assistant 
manager of the mill production de- 
partment to assistant superintendent 
of the casting shop. 
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MINUTES 


/ 


That’s all it takes to 
Determine Carbon or Sulfur 
in Organic or Inorganic Materials 


With the Dietert-Detroit Carbon Determi- 
nator you can run accurate quantitative 
carbon tests in two minutes—on organic or 
inorganic materials. This exceptional speed 
does not impair accuracy. 


Use the Carbon Determinator for research, 
preliminary and final tests—easy to operate 
—you will find it a tremendous help. 


Sulfur determination is just as quick with the 
Sulfur Determinator. In two minutes, you can 
get an accurate determination of sulfur con- 


tent of organic or inorganic materials. 


A remarkable time saver for research or 
control tests—this Determinator is thoroughly 


dependable and easy to operate. 


Write For Descriptive Folder. To Dept. J 


RECPL 
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"Brake Shoe Research serves you today, and anticipates tomorrow.” 


Wm. 8B. Given. Jr. President 


as made by 





BRAKE SHOE.-- 


e If you need heavy cast parts made by the most 
modern methods to insure quality and efficiency, consider the 
10,000 Ib. diesel engine base shown above. For this casting Brake 
Shoe selected a type of Meehanite® providing ample strength 
and having the dampening capacity so necessary in such a casting 
to prevent the building up of excessive strains. 

You can count on impartial, experienced recommendations 


from Brake Shoe metallurgists and foundry technical personnel. 
Whether ABK Metal, Gray Iron or Meehanite® is suggested, 
you can be sure the best for your purpose will be selected. Cast- 
ings can be made in widely-used types (light, medium or heavy 
weight, green or dry sand or all core assemblies) including 
intricate or special types. Outline your cast parts requirements; 
let us tell you how we can fill them. 
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Personals 


D. W. McDowell, Jr., @, formerly 
professor of metallurgy at Iowa State 
College, has joined the staff of the 
University of Buffalo, Buffalo, N. Y. 


M. L. Johnson @, formerly fiek 
engineer of the Stoody Co., covering 
the southeastern states, has been 
appointed assistant sales mznager, 
and is now located at the Stoody 
plant in Whittier, Calif. 


E. A. Baines @ has accepted » 
position as sales engineer with Alloy 
Steel Products Co., Linden, N. J. 


Mark M. Templeton © has been 
transferred by the Electro Metallur- 
gical Co. from the Niagara works to 
the Sheffield, Ala., works, where he 
will be plant superintendent. 


W. J. Childs @, who graduated 
from Rensselaer Polytechnic Institute 
with a Ph.D. in June, has accepted an 
appointment as a staff member of the 
division of industrial cooperation at 
Massachusetts Institute of Technol- 
ogy, Cambridge, Mass. 


Lawrence E. McIlvain © has left 
the McGill Mfg. Co. to open his own 
heat treating shop at Valparaiso, Ind. 


Howard W. Schutz @ has left the 
Josephtown, Pa., zinc smelter of the 
St. Joseph Lead Co. of Pa. to become 
a research metallurgist for the Eagle- 
Picher Co. at their central research 
laboratories in Joplin, Mo. 


John T. Milek @ has recently be- 
come associated with the Babcock & 
Wilcox Co.’s research and develop- 
ment department in Alliance, Ohio. 


Warren K. Smith @ has been trans- 
ferred from the Foothill laboratory, 
Pasadena, Calif., to Michelson lab- 
oratory, Inyokern, Calif., where he 
will serve as metallurgist in the 
research department of the Naval 
Ordnance Test Station. 


David F. Parker @ is now at the 
research laboratory of General Elec- 
tric Co. in Schenectady. 


After graduating from Michigan 
College of Mining & Technology this 
past June, George E. Brown © has 
accepted a job as a metallurgist with 
the Carnegie-Illinois Steel Corp. at 
its Gary works. 


Since his graduation from Carnegie 
Institute of Technology, Michael Drip- 
chak @ has been employed by the 
Scovill Mfg. Co., at Waterbury, Conn., 
as a student engineer. 








November, 1948; Page 723 





Over2 Million |" 


H. W. Behme @, who received his 
B.S. in chemistry from Rutgers Uni. 


Electric Motors versity in 1948, has become a research 


engineer at Dorr Co., Westport, Conn. 
1,850,000 
produced monthly Eutectic Welding Alloys Corp., New 
° York City, announces the appoint. 
1,700,000 in the U. S.A. ment of Robert H. Groman ©@ to the 
board of regional sales supervisors 


- -more and more with responsibility for the west cen. 


tral area. Mr. Groman has most re. 


manufacturers are cently been assistant to the genera) 
1,400,000 installing sales manager. 


Rockwell Mfg. Co. announces the 


1,250,000 A A appointment of E. E. Hedene @ to 
chief engineer of all operations of 

the Nordstrom Valve Div. He was 

1,100,000 ELECTRIC FURNACES . formerly the chief engineer of the 


x . Nordstrom Valve plant at Oakland. 
to improve production. Calif. 


G. C. Kuczynski ©, of the metal. 
lurgical research laboratories of Syl- 
vania Electric Products, Inc., will 
deliver a series of lectures on the 
650,000 physics of metals at the National 
University of Bogota, Columbia. 


2,000,000 


1,550,000 


950,000 


800,000 


$00,000 E. H. Mebs @, formerly division 
superintendent of foundries, Johns- 
town-Lorain works of Carnegie-lIIlinois 
Steel Corp., has been appointed to the 
newly created position of works man- 
ager, Machined Steel Casting Co., 
Alliance, Ohio. 


Braeburn Alloy Steel Corp., Brae- 
burn, Pa., announces the appointment 
of Charles W. Schuck © to the posi- 
tion of general superintendent of the 


plant in Braeburn. Mr. Schuck has 


ee, teen Springs oid KR 4 served the company for the last eight 
thousands af rotors are cast every day for refrigerator units. years as metallurgist in charge of 


quality control. 


ingenious production methods. . , 
A great improvement ioe heen Ww. W. Sieg 6, formerly executive 
The new Westinghouse achieved by casting the rotors vice-president of Titan Metal Mfg. 
ye peerator — ed high purit "aluminum. Co., Bellefonte, Pa., has been elected 
minent manufacturers have : 
recognize , ithe = vantage - president of the company. 
Included inthe mil uring Ajax Tama-Wyatt induc | Ray R. West @, who has bee 
lions of motors aluminum prior to casting, be- with the industrial division of Min- 
manufactured na- Cast two at a time, these alu- f : Co i 
ch, minum motor rotors are better cause of the accurate tempera- neapolis-Honeywell Regulator Co. in 
are the 7, bas mon of ture control poy ye a oe a executive sales positions for the past 
rh . 20 years, has been named manager of 


thousands of -frac- Sean — enn. 

tional horse-power  “/™* , e sales of products for industrial appli- 
motors that fill the ranks of faithful, Write today for information about this eations 

alert and silent servants for the Ameri- modern method of increasing precision F 

can home. Such large output requires production. Electro Metallurgical Sales Corp. 


announces the transfer of J. H. Spil- 


AJAX ENGINEERING CORPORATION lane @ from the Chicago division to 
TRENTON 7, NEW JERSEY the general sales office in New York. 


4 . Key Co., East St. Louis, Ill., has 
J \% recently promoted Fred B. Riggan @, 
fa\ \ ROA A formerly chief metallurgist, to the 


TAMA-WYATT — SZ 


i ae 
FS Asseciote Componien: AZAR Se a Sree position of foundry manager and 


Asax Edecrare co. we. & J---L I general superintendent. 
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Regular inspection 
assures high welding 
quality levels... 





Test non-destructively with 
to assure weld quality 


One of the best ways to obtain con- 
sistently high quality in welding, 
is to establish regular inspection 
with proved testing procedures. 
Radiography ts a proved testing 
procedure, serving to control 
welding quality by providing ob- 
jective information. This helps 
the operator maintain a high 
standard of workmanship...keeps 
plant and customer informed on 
the quality of every job. 


x-rays 


Radiographs of all types of 
welds provide visible informa- 
tion on internal gas and slag 
pockets, lack of penetration, 
and other internal weld weak- 
nesses. They also indicate to 


experienced welding techni- 
cians the best method to be 
used in preventing such de- 
fects. Radiographs are the best 
assurance an engineer can have 
that a welding job is well done. 








For maximum radiographic 
visibility ...use Kodak 
industrial X-ray Films 


They provide the high radiographic sensitiv- 
ity—the combination of speed, contrast, and 
fine grain—required for the detail visibility 
you need in critical examination of welds. 


Eastman Kodak Company 
X-ray Division + Rochester 4, N. Y. 


»? 
= 


\ 
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Kodak Industrial X-ray 
Film, Type A... for x-ray 
and gamma-ray work in sec- 
tions where fine grain and 
high contrast are desirable 
for maximum sensitivity at 
moderate exposure times. 


Kodak Industrial X-ray 
Film, Type M . . . first 
choice in critical inspection 
of light alloys, thin steel at 
moderate voltages, and heavy 
alloy parts with million-volt 
equipment. 


- 
\ ae a? | 
_-“ 


A 

L3 
Kodak Industrial X-ray 
Film, Type K .. . designea 
for gamma-ray and x-ray 
radiography of heavy steel 
parts, and of lighter parts at 
limited voltages where high 
film speed is needed. 


o 
Ss 
Ase 
. 


Kodak Industrial X-ray 
Film, Type F... with cal- 
cium tungstate screens 
primarily for radiography of 
heavy steel parts. For the 
fastest possible radiographic 
procedure. 


“Kodak” is a trade-mark 


RA DIOG RAPHY. . . another important function 


of photography 





IM SECONDS !-£ 


EQUIPMENT 


INSURES AGAINST PLANT SHUTDOWNS 
DUE TO WINTER FUEL SHORTAGES! 


Present demand dictates 
tery / a limit on deliveries for 
installation this fall. 


@ During the winter season of 1947, ‘Surface’ 
installed oil standby equipment in a total of 159 
furnaces — 1100 burners, of ‘Surface’ design, 
which operated almost daily in one instance for 
a 58-day period. 61 users enthusiastically recom- 
mend this equipment to insure constant plant 
operation— maintain production—build employee 
relations and create customer goodwill. 








ACT QUICKLY!—the demand for this 
new oil standby equipment is rapidly ab- 
sorbing available production facilities. 

EASY TO INSTALL — change over from one 


fuel to the other is a matter of seconds for 
most installations. 


SURFACE COMBUSTION CORPORATION 
TOLEDO 1, OHIO 











INDUSTRIAL BURNERS 
AND FURNACES 


lam ‘ 
ATTACH THIS COUPON TO YOUR LETTERHEAD” AND MAIL 


(LD RUSH 8-page bulletin giving specifications and engineering details. 
[LJ Gled to have your engineer determine our requirements. 
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Personals 


William W. Rogers @ is now head 
of the mechanical technology depart. 
ment of the Long Island Agricultura) 
& Technical Institute, at Farmingdale. 
L. I., N. Y. 


Bruce C. Clark @ graduated from 
Colorado School of Mines in June 
1948, and is now at the flotation mil! 
of the U. S. Smelting, Refining anc 
Mining Co., at Midvale, Utah. 


John S. Culver @, a June 1948 
graduate from Illinois Institute of 
Technology, is now employed by the 
Douglas Aircraft Co. as a mechanica| 
engineer. 


Handy & Harman announce that 
John W. Colgan @, sales manager of 
the company, has been elected a 
director. 


Harris T. Gregg ©, manager of 
the Houston, Tex., branch of Meta! 
Goods Corp., has recently been elected 
to a vice-presidency of the company. 


Robert A. Stauffer @ has bee: 
appointed assistant director of re 
search of National Research Corp., 
Cambridge, Mass., and James H. 
Moore @ has been promoted to direc- 
tor of the metals department succeed- 
ing Mr. Stauffer. 


Michigan College of Mining ani 
Technology announces the promotions 
of R. W. Drier @ to a professorship 
in theoretical and applied X-rays, and 
R. J. Smith @ to the rank of asso 
ciate professor of metallurgy. 


Federated Metals Division, Amer- 
ican Smelting and Refining Co., an- 
nounces that A. M. Callis @, former 
sales manager of its Chicago ter- 
ritory, has been appointed to the 
newly created post of general sales 
manager. J. W. Kelin, former sales 
manager of the St. Louis territory. 
will be transferred to the Chicag« 
territory and Paul H. Jackson 6. 
formerly at Seattle, Wash., will suc 
ceed Mr. Kelin at St. Louis. 


Ralph A. Happe @, formerly asso- 
ciated with the American Brass Co.. 
has joined the staff of Battelle Insti 
tute, Columbus, Ohio, where he will 
be engaged in research in nonferrous 
metallurgy. 


D. J. Blickwede @, who has re 
cently been awarded the degree © 
Se.D. in metallurgy from Massachu 
setts Institute of Technology, is now 
in charge of high temperature a!loy 
research at the Naval Research La! 
oratory, Washington, D. C. 








TIMKEN 18-8 STEEL TUBES Shows the 
best combination of creep strength, oil 
corrosion resistance and oxidation re- 
sistance up to 1500°F. 


TIMKEN SICROMO 9 M STEEL TUBES This 
steel possesses the maximum corrosion 
resistance of any of the steels below the 
stainless group. 


TIMKEN SICROMO 7 STEEL TUBES For 
applications requiring better corrosion 
resistance than can obtained with 
5% Chromium type steels. 


TIMKEN SICROMO 5 S STEEL TUBES For 
oxidation resistance to 1500°F. Good 
creep strength and corrosion resist- 
ance to 1300°F. 


TIMKEN 4-6% CR MO STEEL TUBES For 


service up to 1200°F. Superior corro- 
sion resistance. Less oxidation resist- 
ance than Sicromo 3. 


| TAKEN SICROMO 3 STEEL TUBES For 


service up to 1200°F. Have excellent 
oxidation resistance and good corro- 
sion resistance. 


TIMKEN SICROMO 2 STEEL TUBES For 


service up to 1200°F., where better 


| scale resistance is required than can be 
| obtained with 2% Cr. ’¥ Mo. Steel. 


TIMKEN 24% CR-1.0% MO STEEL TUBES 


' For service up to 1150°F. Has greater 


resistance to creep than 2% Cr. ”’& 
Mo. Steel. 


| TUAKEN 2% CR'4% MO STEEL TUBES For 


' service up to 1150°F. Intermediate cor- 


rosion resistance plus good creep 
strength, fair oxidation resistance. 


TIMKEN D M STEEL TUBES For service up 
to 1150°F. This steel offers outstanding 
creep strength. 


TIMKEN CARBON-MO STEEL TUBES For 
temperature up to 1000°F. Improved 
creep strength makes it safer than car- 
bon steel. 


TIMKEN CARBON STEEL TUBES Generally 
for service not exceeding 900°F., where 
corrosion and oxidation resistance are 
not important. 


Want to solve 


your high temperature 
tube problem... 


and get the best 
LIFE/COST ratio, too? 


HATEVER your high temperature tube problem— 

heat, corrosion, pressure, or oxidation—chances are 
the Timken Company has the tube to solve it most eco- 
nomically. 


Each of the 12 steels listed here is tailor-made to meet 
specific operating conditions. By analyzing your require- 
ments, metallurgists at Timken® can help you select the 
one steel which best meets your needs and which gives 
you maximum tube life per dollar invested. You can depend 
on their recommendations because 19 years of experience 
and research have made them the recognized authorities 
on high temperature tubing applications. 

Whichever analysis is selected, you're sure of uniformly 
high quality from tube to tube and shipment to shipment. 
The Timken Company closely controls quality through 
every step in production. 


To get the best life/cost ratio from your tubes, call upon 
the Timken Technical Staff today. For further information 
on Timken high temperature tubing, write for your copy 
of “Facilities and Products”, The Timken Roller Bearing 
Company, Steel and Tube Division, Canton 6, Ohio. Cable 
address: ““TIMROSCO”. 








analyees—and alloy and stainives sram'ens stee! tubing 






Specialists in alloy steel —ineluding hot rolled and cold fimished ali 
steel bare —a complete range of stainless, graphitic and standard too 






Ui the het o, Space 


METALLURGICAL 
MICROSCOPES 


—A HIGHLY EFFICIENT 
VERTICAL ILLUMINATOR 


AN ILLUMINATOR that is simple to operate, that is sturdy enough to 


take hard usage . 


minus glare . . 


. . that provides increased brilliance and contrast — 
. that is always cool enough to handle. 


Pioneered by American Optical Company, the Spencer Vertical Illumi- 
nator has a first surface mirror, and coated plano-glass reflector, con- 
veniently interchangeable. Additional features are field and aperture 
diaphragms, built-in light intensity control, and interchangeable filters. 


SpeNceR METALLURGICAL Microscopes offer many other outstand- 


ing advantages: 


@ QUICK-CHANGE NOSEPIECE facilitates interchange 
of objectives 


@ COATED OPTICS eliminate reflections and provide 
added contrast 


@ WIDE RANGE STAGE adjusts to unusually large or 
small specimens 

@ LARGE [ “SEARCH-TYPE STAND has interchangeable 
body tubes 

@ FINE ADJUSTMENT is precise, enduring micrometer 
screw type 


@ POLARIZING FILTER AND CAP ANALYZER (acces- 
sories, enable the use of polarized light 


@ GROOVED BEARING SURFACES assure long wear 
@ ELEVEN STANDARD COMBINATIONS offer choice of 
stages, optics, illuminators, and body tubes 


For further information write Dept. L 119. 


@ Optical 
COMPANY 
Scientific Instrument Division 
Buffalo 15, New York 


American 


SPENCER 
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Personals 


Latrobe Electric Steel Co. an. 
nounces the appointment of J. ¢ 
Bigham © as district manager of 
sales in Philadelphia and R. C. Kohli 
@ as district manager of sales ip 
Buffalo. Mr. Bigham was formerly a 
sales representative in the company’s 
Detroit office and Mr. Kohl has been 
sales representative in the Buffalo 
area for several years. In addition, 
T. J. Bridgeman © has been trans- 
ferred by the company from the Chi- 
cago district to the Detroit district 
and L. C. Hansen @ has been changed 
from the cast alloy division to tool- 
steel sales in the Chicago area. 


David M. Gans @, formerly tech- 
nical director of Quaker Chemical 
Products Corp., has been appointed 
director of research of the Arco Co., 
Cleveland. 


W. H. Meyer @, formerly with 
Copperweld Steel Co. and Ohio Indus- 
trial Steel Co., has been elected vice- 
president of Ohio-Penn Steel Co. of 
Pittsburgh. He will also be metal- 
lurgist of the newly formed company. 


Courtney Combs @, formerly an 
industrial engineer of Owensboro, Ky., 
has accepted a position as staff engi- 
neer with Associated Engineers, Inc., 
Fort Wayne, Ind. 


Alexander Zekany @, formerly with 
the National Tube Co., has been 
appointed sales metallurgist, Ameri- 
can Cladmetals Co., Carnegie, Pa. 


T. B. Focke @ has been named 
general manager of the airplane divi- 
sion, Columbus, Ohio, plant of the 
Curtiss-Wright Corp. 


David K. Miller @ has been named 
Connecticut representative for Pratt 
& Inman steel warehouse of Worces- 
ter, Mass. 


Samuel I. Hyman @, formerly a 
junior engineer in the erection depart- 
ment of Babcock & Wilcox Co., is now 
with the distribution department of 
the Brooklyn Union Gas Co. 


Joseph N. Peters @ has been 
appointed a sales engineer for Willey’s 
Carbide Tool Co. in the Illinois area. 


Bruce O. Leister @, who was sales 
representative in St. Louis for Rust- 
less Iron and Steel Corp. and Armco 
Steel Corp., is now vice-president and 
secretary of Metal Service Corp. 
Charlotte, N. C., distributors of steel 
and allied products in North and 
South Carolina. 
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_with the Atmosphere for the Job 










With the correct furnace and a properly prepared protective 
atmosphere, your heat-treating line runs smoothly, eco- 
nomically, and produces results that keep your customers 
satisfied. In annealing, especially the equipment, cycles, 
and finished quality must be just right or production costs 
skyrocket and customer complaints follow. 

With correctly designed and applied furnaces and protec- 

tive atmosphere generators, heat-treating schedules are 
speeded up, processing time is reduced, and subsequent 
cleaning is reduced or eliminated entirely. Uniform heat 
and reproducible heat-treating cycles permit close control 
of quality and assure uniformity of product. 
' Westinghouse can supply the gas-generators for the 
amosphere needed for the job. The four basic Westinghouse 
atmospheres—Endogas, Exogas, Monogas and Ammogas 
—provide ten variations of atmospheres from which the 
atmosphere needed can be selected. 

For complete information, call your nearest Westinghouse 
office, or write Westinghouse Electric Corporation, Mead- 
ville, Pennsylvania. 


Penang 


A Heat and Metallurgical Service that offers without 
obligation: 

ENGINEERS—thermal, design and metallurgical engineers to 
help you study your heat-treating problems with a view 
toward recommending specific heat-treating furnaces and 
atmospheres. 

RESEARCH—a well-equipped. metallurgical laboratory in 
which to run test samples to demonstrate the finish, hard- 
ness,-and metallurgical results that can be expected on a 
production basis. 

PRODUCTION—A modern plant devoted entirely to industrial 
heating. 

EXPERIENCE— Manufacturers of a wide variety of furnaces— 
both gas and electric—and protective atmosphere generators. 























J-10334 







































PLANTS IN 25 CITIES... OFFICES EVERYWHERE 
Gas and Electric Furnaces 
MORE PRODUCTIVE POWER FOR INDUSTRY 


Westinghouse 
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Ampco Metal 


gets the hot seat... 


~ because it has the wear-resistance 
to “take it” on the toughest jobs 


When a famous motorcycle manu- 
facturer specifies Ampco Metal for 
valve-seat inserts be knows bis cus- 
tomers are getting a“ plus” value. 
And that value is featured by the 
manufacturer in advertising litera- 
ture as an important sales appeal! 


That’s logical when you consider 
the long life and trouble-free serv- 
ice you gain, when critical parts 
are made of Ampco metal — with 


its outstanding resistance to corro- 


sion, compression, impact, fatigue, 


and wear. It has excellent bearing 
qualities, too, plus unique efficiency 
at extreme temperatures. 


Call your nearby Ampco engi- 
neer for full information on 
—- Metal and Ampcoloys . . . 
available in castings, extrusions, 
sheet, forgings, and fabricated as- 
semblies. W rite for latest literature. 


Ampco Metal, Inc. 


Department MP-11  « 


Milwaukee 4, Wisconsin 


Field offices in principal cities 


Specialists in en- 


gineering, 

tion, ao 
copper-base alloy 
ports and products. 


Corrosion- 
resistant pumps 


Castings 
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Personals 


Edward S. Smith @ is now a4 
process engineer with the Carnegie. 
Illinois Steel Corp.’s Duquesne works, 
in the metallurgical department. 


R. Lavin & Sons, Inc., announce 
that W. M. Ball, Jr., @ has joined its 
technical staff as metallurgist and 
foundry consultant. For the past 27 
years, Mr. Ball has been superintend- 
ent of the foundry of Magnus Brass 
Division of the National Lead Co. 


Forrest E. Allen @, formerly a 
member of the faculty of Iowa State 
College in the department of mechan- 
ical engineering and associate profes- 
sor of metallurgy, has joined the 
development and research division of 
the International Nickel Co., Inc. 


Dave Heckinger @, formerly with 
Fansteel Metallurgical Corp., has 
accepted a position with Tools, Inc., 
as head of its Philadelphia office. 


On completion of the General Elec- 
tric scientific program, George R. 
Hemmeter © has been assigned per- 
manent placement in the Fort Wayne 
works of G.E. as a magnetic develop- 
ment engineer. 


Formerly chief chemist for F. L. 
Jacobs Co., Fred E. Seuffert © has 
been employed as chemist by Lyon, 
Inc., Detroit. 


Leon V. Omelka ©, who received 
his degree of engineer in metallurgy 
at Stanford University in June 1948, 
is now employed by Permanente 
Metals at its Trentwood, Wash., 
research laboratory as a testing 
engineer in the mechanical testing 
department. 


James H. Anderson @, formerly 
instructor at the University of Min- 
nesota, has been appointed assistant 
professor in the engineering depart- 
ment at San Jose State College, San 
Jose, Calif., where he will set up and 
supervise the metallurgy department. 


J. Edwin Bride @, formerly in 
metallurgical inspection department 
of materials review division, Wright 
Aeronautical Corp., Lockland, Ohio, 
has joined Battelle Memorial Insti- 
tute, Columbus, Ohio, to conduct re- 
search in electrochemistry. 


After graduating from Colorado 
School of Mines, Curtis L. Horn @ 
has accepted a position as metallur- 
gist in the metallurgical engineering 
department of Reed Roller Bit Co., 
Houston, Tex. 








ACCURACY POSITIVE TEST SPEEDS 


CONVENIENCE PLUS reecise sreen contro 


MODERN DESIGN UNLIMITED STROKE 
STURDY, FOUR SCREW, CONSTRUCTION 


Olsen Electro-Mechanical Testing Machines, available in capacities from 50 Ibs. 
up to 10,000,000 Ibs., are all provided with “Thy-Mo-Trol” motor drive—for 
complete information write for Bulletin #30. 


_ Lis gk ae eer eS Bs 
400,000 fb. Olsen Electro-Mechanico! Universo! Testing Mochine 
Dotted line indicotes floor line 


a 


aes “Shae? 
- ‘48a & ie a 


rinius QD) OLSEN 


TINTUS OLSEN 


TESTING MACHINE CO. 


We will be glad to show you our new plant on Easton Road, 
Willow Grove, Pa. (Suburb of Phila.). Over 100,000 square 2030 Easton Rd., Willow Grove, Pa. 


feet of crea all on one floor devoted exclusively to the manv- 
facture of testing and balancing equipment. 


November, 1948; Page 733 





reduce 
production 
headaches 





The lack of uniformity poh com quality of much of present day raw 


materials is making the production of high-grade, uniform gray iron 
extremely difficult. The new Lectromelt Forehearth furnace is the 
complete answer to this situation. 


Lectromelt’s Forehearth is an especially designed direct arc type fur- 
nace for operation in conjunction with cupolas or air furnaces. It 
provides high quality metal by. 


1. Closely controlling temperature by providing an efficient, read- 
ily controllable source of heat. 


Controlling analysis by additions or refining operations or both. 


Providing a reservoir or holding capacity for the dual purpose 
of leveling off the peaks of the demands from the pouring floor 
and assuring a more uniform analysis by proper mixing. 


A Lectromelt Forehearth furnace can help you out of a tough situa- 
tion. Write today for descriptive literature. 

Lectromelt furnaces are made in capacities ranging from 100 tons 
to 25 pounds. 


Manufactured in 


CANADA Lectromelt Furnaces of Canada, 
ltd., Toronto 2 

ENGLAND ) 

SWEDEN 

AUSTRALIA) 

FRANCE Stein et Roubaix, Paris 

BELGIUM S. A. Belge Stein et Roubaix, 
Bressoux-Liege 

SPAIN General Electric Espanola, Bilbao 

ITALY Forni Stein, Genoa 


Birlec, Ltd., Birmingham, England 


PITTSBURGH LECTROMELT FURNACE CORP. 


PITTSBURGH 30, PENNSYLVANIA 
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Personals 


Formerly with Battelle Memoria} 
Institute in the welding research de- 
partment, Howard B. Cary @ is now 
welding engineer for Marion Power 
Shovel Co., Marion, Ohio. 


After completing work for his 
degree in metallurgical engineering 
at the University of Minnesota, 
Robert G. P. Anderson ©@ has joined 
the college graduate training class of 
the Caterpillar Tractor Co. 


After graduation from the Uni- 
versity of Minnesota in June 1948, 
Herbert F. Clyne @ has been em- 
ployed at the Zenith furnace plant of 
Interlake Iron Corp., Duluth, Minn., 
studying blast furnace operations. 


John L. Everhart © is now a met- 
allurgist in the research division, 
American Smelting & Refining Co., 
Perth Amboy, N. J. 


S. S. Harrington ©@ is now works 
manager of the Kane & Roach Co., 
Syracuse, N. Y., manufacturers of 
cold roll forming and bending 
machinery. 


Edmund C. Burke @ has left the 
Cleveland division of the research 
laboratories of the Aluminum Co. of 
America to take graduate work in 
metallurgy at Yale University. 


After 11 years with the Wheelco 
Instruments Co., Clarke H. Joy @ has 
formed the Clarke H. Joy Co. which 
will distribute Wheelco products and 
those of Precision Thermometer and 
Instrument Co. in the Cleveland area. 


After graduation from Carnegie 
Institute of Technology, Edmund C. 
Franz @ has accepted a position as 
metallurgist in the research division 
of the Aluminum Co. of America at 
Cleveland. 


Arthur P. Siewert @ has been 
transferred from the Danville plant 
of the Central Foundry Div. of Gen- 
eral Motors Corp. to the division’s 
Lockport plant, with the promotion to 
plant metallurgist. 


Robert D. Kesler @, who gradu- 
ated from Colorado School of Mines 
this year, has accepted a position with 
Battelle Memorial Institute, Colum- 
bus, Ohio, as engineer doing mineral 
dressing research. 


Thomas A. Read @, who was pre- 
viously principal physicist in the Oak 
Ridge National Laboratory, has been 
appointed associate professor of met- 


_allurgy at Columbia University. 
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ELECTROMET TONGOIEN 


Trade-Mark 







Avathable ‘or \MMEDIATE DELIVERY 








E.ecrromet Ferrotungsten is made es- E.ectromet Calcium Tungstate Nuggets 





pecially for the manufacture of high-speed tool are a high-purity, nodulized form of calcium tung 
steels, die steels, magnet steels, and other tungsten- state — ideal for blending with off-grades of nat 
bearing steels. This Etecrromet alloy conforms to ural scheelite in direct reduction practice. The nug 
A.S.T.M. specification A-144-39. It is crushed uni- gets range from % in. to 2 in. in diameter and ar 
formly to a % in. x down size suitable for all electric free from fines, which minimizes dust loss. Tung 
furnace additions. It is shipped in barrels or steel sten recovery approaches 100%. The nuggets are 
drums. | furnished in easy-to-handle 100-lb. bags. 


If you use tungsten, call on us. Our staff of competent metallurgists are 
ready to furnish on-the-job technical assistance in the use of tungsten 
and the many other Execrrnomer ferro-alloys and alloying metals. 


ELECTRO METALLURGICAL SALES CORPORATION 
Unit of Union Carbide and Carbon Corporation 
30 East 42nd Street [qq New York 17, N. Y. 


OFFICES: Birmingham ¢ Chicago * Cleveland ¢ Detroit 
New York ¢ Pittsburgh ¢ San Francisco 


Electromet 


In Canada: Electro Metallurgical Company of Canada, Limited, 
Welland, Ontario. 
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WORLD’S LARGEST 


je 
ar 
.* 


In building the world’s largest press brake, Warren City Manu- 
facturing Company made sure of top quality welding by using 
Murex Electrodes. 

This huge unit, of fully stress-relieved welded steel con- 
struction weighs more than a half miilion pounds without dies. 
It is designed to exert a pressure of over 1,000 tons for bending 
steel plate 5” thick to a right angle and in a single stroke in 
lengths up to 36 feet. 

Manual welding involved the equivalent of 40,000 feet of 
\%," fillet welding requiring more than ten thousand pounds 
of GENEX, FHP and HTS rod. 


M & T can be of help to you .. . Ask for a representative to call and 
check over your welding operations. 


METAL & THERMIT CORPORATION 
120 BROADWAY @ NEW YORK 5, N. Y. 
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Personals 


S. L. Channon @, formerly of 
Australia, has been awarded a re. 
search assistantship at the University 
of Illinois, where he will work toward 
his Ph.D. He has recently graduated 
with an M.S. degree from University 
of Utah. 


K. G. Carpenter @ is sales repre- 
sentative for Permanente Products 
Co., Philadelphia, Pa. 


C. R. Eppinger @ has been trans- 
ferred by Horace T. Potts Co., Phila- 
delphia, from manager of telephone 
sales to salesman in the York, Pa, 
area. 


After graduating from the Uni 
versity of Cincinnati, Robert M. Van 
Hoy @ has accepted a position with 
David Bradley Mfg. Works, Bradley, 
Ill., as methods engineer and mate- 
rials handling engineer. 


George H. Fromer © has been 
appointed quality control manager of 
the drop forge division of Willys 
Overland Motors, Inc., Toledo, Ohio. 


After receiving his B.S. in metal- 
lurgical engineering at the University 
of Illinois in June 1948, John W. Pugh 
@ has joined the General Electric Co 
as a member of its scientific program 


Ray E. Huffaker © has been em- 
ployed in the metallurgical depart- 
ment of the Ladish Co., Cudahy, Wis 


Donald A. Potter @, formerly with 
Universal Castings Corp. as chief 
engineer, is now a project engineer in 
charge of aircraft heater engineering 
at Stewart Warner Corp., Indianap- 
olis, Ind. 


C. W. Jordan, Jr., @ was gradu 
ated from Carnegie Institute of Tech 
nology in June 1948 and is now 
employed as control metallurgist for 
Wisconsin Steel Div. of Internationa! 
Harvester Co., South Chicago, III. 


Following graduation from the 
school of mines of the University of 
Pittsburgh, Robert J. Hamilton 6 
has accepted a post as instructor at 
Geneva College, Beaver Falls, Pa. 


Marvin L. Buehler @ is now # 
laboratory foreman in the tin mill at 
Columbia Steel Co., Pittsburg, Calif. 
He graduated from Colorado School 
of Mines in May 1948. 


The Aluminum Co. of America has 
transferred E. M. Strauss, Jr.. @ 
from the Baltimore sales office to the 
Fairfield, Conn., sales office. 











You get really clean melts—and save expensive alloying elements with 
Ajax-Northrup melting! One user melts nickel steels at half the cost of 
other methods due to savings in deoxidizers and constituents. Control 
is ideal—hits temperatures “‘on the nose.’’ Carbon contamination is nil— 
good for stainless steels where carbon content should be held below 
0.08% or even as low as 0.015%,! Ideal for tough-to-control non-fer- 
rous metals, and rare metals, too. May we send you our latest bulletins? 







AJAX ELECTROTHERMIC CORPORATION 
AJAX PARK, TRENTON 5, N. J. 
Associate Companies 


THE AJAX METAL COMPANY + AJAX ELECTRIC FURNACE CORPORATION 
AJAX ELECTRIC COMPANY, INC. + AJAX ENGINEERING CORPORATION 


SINCE 19136 


CHAI 
ae v 


HEATING & MELTING 
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ALL STEELS 
AND NON-FERROUS 
METALS 


8 oz. to 
8 tons 












TODAY'S METAL 
CUTTING REQUIRES 
GOooD 
CUTTING FLUID 
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An Economical Solution 


SUPERKOOL 


Base Cutting Oil 


SuperKoo! Base Cutting Oil is avail- 
able already correctly mixed for your 
convenience. Eliminating on-the-job 
mixing makes possible worthwhile 
economies in time, labor and money. 
For recommendations of SuperKool 
mixes, consult a Stuart service engi- 
neer. 


Another Time-Tested 





Personals 


K. E. Niewoehner ©, formerly of 
Missouri School of Mines and Metal- 
lurgy, is now enrolled in the “Loop” 
training course of Bethlehem Steel 
Co., at the Johnstown, Pa., plant. 


Donald A. Nelson @ has recently 
accepted a position as a research 
scientist at the National Advisory 
Committee for Aeronautics’ flight 
propulsion research laboratory at the 
Cleveland Airport. 


Frank A. Rough @ has been em- 
ployed in the physical metallurgy sec- 
tion of Battelle Memorial Institute, 
Columbus, Ohio. 


Dan R. Gannon, Jr., @ formerly 
manager of distributor sales of the 
La Salle Steel Co., Chicago, is now 
manager of the steel department of 
Vinson Supply Co., Dallas, Tex. 


James Bard @ has enrolled in the 
training program of Bethlehem Steel 
Co. after receiving his B.S. degree in 
metallurgy at Pennsylvania State 
College. 


Herman Mansfield @ is now a 
research metallurgist at Sylvania 
Electric Products, Inc.’s, Bayside, 
L. L., laboratories. 


D. C. Einfurer @, after receiving 
his M.S. in metallurgy from Stevens 
Institute of Technology, has become 
chief metallurgist of Walter Kidde & 
Co., Belleville, N. J. 


Paul B. Parker @ has recently 
accepted a position with the specifi- 
cations branch of the Corps of Engi- 
neers at Rock Island, II. 


Announcement is made of the re- 
tirement from active duty of G. E. F. 
Lundell @, chief of the chemistry 
division of the National Bureau of 
Standards. He will be succeeded by 
Edward Wichers, formerly assistant 
chief and head of the section on 
reagents and platinum metals. 
William Blum, head of the electro- 
deposition section, was named assist- 
ant chief of the division. 


Harry T. Loynd @ has been ap- 
pointed manufacturing representative 
for Allegheny Ludlum Steel Corp. with 
headquarters at Brackenridge, Pa. 


Announcement is made by Leb- 
anon Steel Foundry, Lebanon, Pa., 
that Edward H. Platz @ has been 
appointed manager of alloy steel 
sales. Mr. Platz has been with Leb- 
anon Foundry since 1939, and pre- 
viously was with Duriron Co. 
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GORDON 


THERMOCOUPLE 
EXTENSION 
LEAD WIRE 


There are two good reasons why we stress 
Gordon Quality and Gordon Service. (1) 
The precision quality of Gordon Thermocov- 
ple Extension Lead Wire is based upon 32 
years of experience in careful selection and 
inspection to meet rigid insulation require- 
ments. (2) Gordon's Chicago and Cleve- 
land plants carry complete stocks of Ther- 
mocouple Extension Lead Wire for practi- 
cally every application. (See illustrations 
below.) This means that your order gets im- 
mediate delivery of a QUALITY product— 
one that meets Bureau of Standards Specifi- 
cations. ORDER NOW! No waiting or de- 
lay. Prices available upon request. 





CHROMEL-ALUMEL, Cat. No.1231(3-A),14 ga., STRANDED- 
DUPLEX, each wire felted asbestos, Asbestos-yarn broid 
overall. 





FOR PLATINUM THERMOCOUPLES, Cat. No. 1225, 16 ge 
STRANDED-DUPLEX, each wire felted asbestos, Asbestos 
yarn braid overall. 
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CHROMEL-ALUMEL, Cat. No. 1234, 14 go., SOLID-DU 
PLEX, eoch wire enamel, felted asbestos, Asbestos-yor 
broid overall. 


LL Ss 
= Sse Ph oericoe 
IRON-CONSTANTAN, Cat. No. 1236-C, 14 ga., STRAND- 


ED-DUPLEX, each wire felted asbestos, Asbestos-yor 
braid overall. 











~~ — 


COPPER-CONSTANTAN, Cat. No. 1235-A, 14 go., SOLD- 
DUPLEX, each wire cotton, rubber, weatherproof braid, 
leed sheath overall. 


‘GORDON: 
>< SERVICE: >: 


CLAUD S. GORDON CO. 


Specialisis for 33 Yeors in the Heot-Treotiog 
and Temperature Control! Field 


Dept. 15, 3000 South Wallace St., Chicage 16, Il. 
Dept. 15, 7016 Euclid Avenue © Cleveland 3, Obie 











If you’re having 
difficulty 


reaching higher 
P& B’ protneien 


| ... automatic polishing and buffing equip- 
ment is the answer. 


Whether you handle small job lots or mass produc- 
tion it is most important that you consider the 
versatile Packer~Matics. You'll find advantages in 
Packer Machines which appeal to top management 
as well as to operators. 


For example: Smooth, effortless operation — placing 
work on holder and removing finished piece at 
completion of cycle is all that is required of operator. 

Finger-tip control — for starting and stopping 
table and individual heads minimizes operator fatigue 
and assures steady, dependable production. 

Flexibility of equipment—interchangeable heads 
permit the polishing and buffing of varied work with- 
out necessitating new equipment. 


Whatever your polishing or buffing problem it will 
pay you to contact the Packer Machine Company 
engineering department, Meriden, Conn. 


* Polishing and Buffing 













NO. 2-12 ROTARY INDEXING Electric push 
button controls . . . twelve ball-bearing chuck 
spindles . . . dust proof oil reservoir . . 

individual wheel stands. Wheels set at any 
angle, swivel in various positions. Max. motor 
size 15 H.P.—floor space required 10'16”x11'8". 








PACKER-MATIC 


AUTOMATIC MACHINES FOR BUFFING @ POLISHING e DEBURRING e GRINDING 


THE PACKER MACHINE COMPANY @ MERIDEN, CONN. 
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WARREN PETROLEUM CORPORATION 


TULSA, OKLAHOMA 














SPEED TREAT — free machining steel 


withstands hundreds of tons pressure 


Since 1935 Speed Treat (.45% Carbon) 
Steel has been a standard specifica- 
tion on Appleton Super-Calender 
Rolls manufactured by the Appleton 
Machine Co., Appleton, Wisconsin. 
These rolls are produced by subject- 
ing thousands of paper or cotton seg- 


ments to pressures exceeding 1000 
tons. Speed Treat Collars and nuts up 
to 24” diameter and 4)4" thick are 
used to lock the compressed filler on 
the shaft. This customer writes, **Uni- 
formity of structure and strength, 
coupled with ease of machining, are 
among the leading qualifications 
which have recommended the con- 
tinued and desirable use of Speed 
Treat Steel.”’ 

For complete information on free- 
machining Speed Treat or Speed Case 
Steel Plates, write today. 


W. J. HOLLIDAY & CO., INC. 
Speed Case - Speed Treat Plate Division 
HAMMOND INDIANA 
Plants al Hammond and Indianapolis 
SPEED CASE — SPEED TREAT 
WAREHOUSE DISTRIBUTORS 

Beals, McCarthy & Rogers, Inc., Buffale 

Brown-Wales Co., Boston 

The Burger Iron Co., Akron 

Grammer, Dempsey & Hudson, Inc., Newark 

Earle M. Jorgensen Co., Houston, Los Angeles, Oakland 
Peninsular Steel Co., Detroit 

Pidgeon- Thomas Iron Co., Memphis 

Horace T. Potts Co., Philadelphia 


SPEED CASE 


de OHir>\- 
> —_ ton 
=(' 422) 
STEEL: PLATES 
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Personals 


Formerly employed by the Cincin- 
nati Milling Machine Co. and the 
Alexander Engineering Co., H. P. 
Baecker @ is now planning engineer 
of the Rohr Aircraft Corp., Chula 
Vista, Calif. 


Following graduation from the 
University of Illinois with a B.S. in 
metallurgy, Earl A. Hasemeyer @ is 
now employed at Western Cartridge 
Co., East Alton, IIl., in its training 
program. 


Richard S. Crowell @ is now em- 
ployed by the Carnegie-Illinois Stee! 
Corp.’s Clairton, Pa., works, as a 
process engineer for the metallurgy 
department. 


Stephen D. Smoke @, formerly 
with the National Tube Co. and the 
Bethlehem Steel Co., has been ap- 
pointed an associate editor for The 
Tron Age. 


D. A. Craig @ has been trans- 
ferred by Phillips Petroleum Co. 
from the laboratory in Bartlesville, 
Okla., to the Panhandle area where 
he will be engaged in metallurgical 
test and inspection work. 


R. M. Garrison @ is now chief 
engineer for the Verson Allsteel 
Press Co. of Chicago. 


Frank Bruns @ is now employed 
by the Standard Oil Co. of Indiana in 
the Whiting refinery as an inspection 
engineer. 


Norman G. Eley @ has been aj 
pointed to the graduate school at the 
Chrysler Institute of Engineering on 
his graduation from the Universit) 
of Toronto. 


Wm. Hendrickson @ has been 
transferred by Carbide & Carbon 
Chemical Corp. from field inspector 
with headquarters in New York City 
to the Charleston, W. Va., plant. 


After completing studies at Michi 
gan College of Mining and Technol- 
ogy under a scholarship from the 
General Electric Educational Fund, 
Marshall W. Stevens @ has been re 
engaged as foundry metallurgist in 
the Bridgeport works laboratory of 
General Electric. 


Frank J. De Rewal @, formerly a 
research engineer at Foote Mineral 
Co. and Battelle Memorial Institute, 
is now owner of De Rewal Interna- 
tional Rare Metals Co., Philadelphia. 
producers of zirconium, titanium, haf- 
nium, cesium and rubidium. 








Every automobile built today 


uses parts made of 
N-A-X HIGH-TENSILE STEEL 


Since 1940, when Great Lakes 
Steel pioneered the application of 
high-tensile, low-alloy steel to 
cold-stamped automobile bumpers, 
there has been a growing trend to 
N-A-X HIGH-TENSILE STEEL in the 
automobile industry. 


Today, every car manufacturer is 
using the inherent better proper- 
ties of N-A-X HIGH-TENSILE STEEL 
for some part of his automobile. 


Bumpers and grilles — hoods and 
fenders—body panels and deck lids 
— frames and bracings — wheels 
and hub caps represent a few of 
many applications of N-A-X HIGH- 
TENSILE STEEL to the modern car. 


F MAKE A TOW OF SHEET STEEL, 
| GO FARTHER 


Sy 


CORPORATION MHIGH-TENSiLE X 


Detroit 18, Michigan 
CORPORATION 


GREAT LAKES STEEL 


N-A-X Alloy Division . 
UNIT OF NATIONAL STEEL 
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HEN Firth-Vickers of England signed 

their reciprocal agreement with Lebanon 
of U.S.A. for a complete exchange of ideas, 
information and foundry practices, it meant 
a lot to you. 

For now you can have the advantage of the 
best in alloy castings which has been devel- 
oped botk in this country and in Europe. 

Of great importance is the “centri-die” proc- 
ess of making centrifugal castings in permanent 
molds. Firth-Vickers developed this process to 
make possible the Rolls Royce, De Havilland 
and other jet engines. Here at Lebanon we 
are finding applications not only for airplane 
engines but also in equipment for the oil, 
chemical, paper and pulp, mining and other 
industries where corrosion and heat make 
service conditions severe. 

When you talk to Lebanon about alloy 
castings you know you are talking to experts 
with a wealth of information available. 


LEBANON STEEL FOUNDRY + LEBANON, PA. 
“In The Lebanon Valley” 


LEBANO 


ALLOY AND STEEL 








The Agreement between 
Firth-Vickers Stainless Steels, 
Lid., Sheffield, England and 
the Lebanon Steel Foundry, 
Lebanon, Pa., U.S.A. pro- 
vides for complete ex- 
change of metallurgical and 
engineering data, and foun- 
dry techniques and practices. 
his understanding between 
Lebanon and the largest pro- 
ducer of alloy castings in 
Europe pools the technical 
knowledge and experience 
of both sides of the Atlantic 
for your benefit. 








Write now for this FREE 
BOOKLET ‘'Centri-die 
Centrifugal Castings’’ 


Here is a clear explanation of the 
practical advantages to you of the 
Firth-Vickers Centri-die method of 
making alloy castings centrifugally 
in permanent molds. Of interest to 
executives and engineers who wantto 
keep abreast of new manufacturing 
and production methods. Write for 


Bulletin N, 


astings 
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Personals 


Chester F. Gatezak @, a recent 
graduate from Purdue University, is 
now a research metallurgist at Tim- 
ken Roller Bearing Co.’s research 
department. 


F. G. Scarborough @ is now engi- 
neering officer of the U.S.S. Dayton, 
operating in the Atlantic Ocean. 


After 13 years with General Elec. 
tric X-Ray Corp., H. G. Thompson @ 
is now quality engineer with the 
Master Electric Co., Dayton, Ohio. 


Atomic Engines 
for Aircraft" 


ATOMIC energy as a source of 

power for aircraft promises to 
achieve a result unobtainable with 
standard fuels — airplanes combin- 
ing extremely high speed and almost 
unlimited range. Our present super- 
sonic airplanes run out of fuel in 
a matter of a few minutes. With 
atomic energy, they could keep on 
going, for the fuel supply would 
remain nearly constant. 

Several basic types of power 
plants can be adapted to atomic 
power. One is a closed cycle where 
some medium, like mercury, may 
be heated and give its energy to a 
turbine which drives a propeller. 
The required propeller and air- 
cooled condenser will limit the 
airplane speed, and is not as 
attractive as other possibilities. 

Next is the turbo-jet, where the 
reactor heats compressed air and 
the energy of the expansion (less 
that amount required to compress 
the air) provides thrust for the air- 
plane. This seems well suited to 
high-speed airplanes. 

The simpler ram-jet (like the 
turbo-jet, except that the air is 
compressed by forward speed of 
the plane) requires a high speed to 
function at all and becomes really 
effective at extreme speeds high in 
the supersonic region. The air 
temperatures required by the ram- 
jet are considerably higher than 
needed by the turbo-jet. At the 
same time, it is very sensitive to 
pressure variations, external or 
internal. Good heat transfer con 
ditions must always be paid for by 
appreciable pressure drops. Th 
ram-jet is not a simple problem. 

(Continued on page 746) 


*Abstracted from The Pegas: 
August 1948, p. 1. 








High Temperature 
Lubrication...400°F. and up! 


Clean parting of castings from permanent molds is an important demand 
of efficient foundry operation. The Arrow Aluminum Castings Company, 
Cleveland, Ohio, gets better mold reproduction, longer mold life, easier 
parting and smoother surfaces on its castings by coating permanent molds 
with “Sono-Graph”, a mold wash produced with “dag” colloidal graphite 
by the Mealey Grease and Oil Company, Cleveland, Ohio. 


In countless other industries too... wherever high temperature lubrication 
is a problem ... one of the many “dag” colloidal graphite dispersions is 
the likely answer. This extremely versatile substance can also 
be used in opaquing, in general lubrication, 
in impregnating and in electronics work. 













Acheson Colloids engineers may be 
able to help you with your problems. 
Clip the coupon and mail now. 


Acheson Colloids Corpora- 
tion, Port Huron, Michigan; 
Boston; New York; Phila- 
delphia; Pittsburgh; Cleve- 
land; Detroit; Chicago; 
St. Louis; Los Angeles; 
San Francisco; Toronto. 


Pouring into permanent 
molds at the Arrow Aluminum 


Castings Company, Cleveland, Ohio 





Send us information on “dag” colloidal 
graphite dispersions for: 
General lubrication 


Extreme (high or low) 


temperature lubrication 
Parting 
impregnation 
Electronic applications 


Opaquing 











Acheson Colloids 


Corporation d 
Port Huron, Michigan 


a 


COLLOIDS 
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AMERSIL SILICA 
COMBUSTION TUBES 


withstand severe thermal shock, are non-contaminating, and may 
be used continuously at temperatures up to 1100° C. They may 
be further used for short periods at temperatures up to 2000° C. 
They are inert to all metals and metal oxides, and impervious 
to gases. 

Amersil combustion tubes are available in standard sizes, or 
special sizes on short notice, with ends finished for rubber 
stoppers or one end reduced for hose connection. 


COMBUST 
WHEN REQUIRED “BOATS. READINGS 


tubes con be fitted with Tronsparentortransiucent Thermocouple wells can 
transparent sections are available be included 


Write to-day for more complete information on Amersil 


combustion tubes. 
“Trade Name Registered. 


AMERSIL COMPANY Ine. 


CHESTNUT AVENUE ; HILLSIDE N. J 





Largest 
Sawing 
Capacity 


- MARVEL No. 18-18" x 18 MARVEL No. 24—24° x 24° 


Designed and developed to bring true accuracy and economy to 
sawing big work up to 24” x 24”. In hundreds of metal working 
plants from coast to coast, these giant saws have proven themselves 
to be the best cut-off equipment for the biggest and toughest steels. 
There are nine other types of MARVEL saws to meet every sawing 
need. Write for our catalog and give us an outline of your work. We 
will recommend the right MARVEL saw for your work. 


ARMSTRONG-BLUM MFG. CO. 


“The Hack Saw People’’ 
5700 Bloomingdale Ave. Chicago 39, U.S.A. 
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Atomic Aircraft 


(Continued {rom page 744) 

Finally, in the application of 
nuclear energy as a _ rocket-type 
power plant, a propellant gas js 
taken from storage tanks and heated 
by the reactor; it exhausts at high 
velocity and provides the necessary 
thrust. It is not dependent on 
atmospheric air and can _ operate 
outside the earth’s atmosphere. The 
maximum impulse per pound of 
fuel used per second results from 
a combination of the highest pos- 
sible temperature and the lowest 
possible molecular weight of the 
fuel. There will be no need for 
combustion, and a very light pro- 
pellant like hydrogen can be used. 
(The specific impulse of pure hy- 
drogen at the same temperature is 
three times that of water vapor.) 

With fuel like uranium, with a 
heating value of 40 billion Btu. per 
lb., fuel consumption is vanishingly 
small. High performance, however, 
calls for high operating tempera- 
tures, and this is aggravated by the 
heat-transfer problem. Hot exhaust 
gases require very much hotter 
internal surfaces of the reactor. 

On the other hand, there are no 
moving parts in the reactor and its 
elements are not subjected to high 
dynamic stresses. It can be said 
broadly that the temperatures nec- 
essary are not unreasonable from 
the metallurgical standpoint. They 
do nevertheless engender such dif- 
ficult problems as the protection of 
the uranium from reaction with the 
working fluid (the “canning” prob- 
lem) and the protection of the 
equipment and personnel from 
radioactive fission products. This 
brings up the weight of necessary 
shielding. 

The “engine” component of a 
nuclear power plant [turbine-driven 
accessories] may be expected to 
weigh approximately the same as a 
conventional power plant of the 
same horsepower or thrust rating. 
The weight of reactor and shielding 
must therefore be lighter than the 
weight of the fuel and fuel tanks 
in a chemically fueled aircraft. In 
present-day long-range airplanes 
this is sometimes over 50 tons. It 
is obvious that the atomic-powered 
airplane is in an entirely different 
category from the atomic-powered 
automobile. (The range of a» 
atomic-powered airplane is prac 
tically unlimited and is not a desi" 
variable.) 

Making the reactor small is 
obvious way of reducing weight of 

(Continued on page 748) 





























“pe your 
heating 2000s (0 @ 


r, Here’s the complete, economical answer to industrial heating prob- 
i lems—General Electric “Packaged” Heating Processes. Designed to 
v4 do the entire job, a G-E “Packaged Process” provides you with a 
single source of supply for all of the following: 


EQUIPMENT -— G-E “Packaged Process” combines one or 


more furnace units from the outstanding G-E electric furnace line— 
roller-hearth, mesh-belt, elevator, pit, car-bottom, etc.—with appro- 
; priate G-E protective atmosphere producers, automatic controls, 
; conveyers, and handling equipment. This “process packaging” of 
G-E equipment assures maximum performance through proper co- 
) ordination of every component... eliminates “misfits” ... saves 
you time and expense. 


ENGINEERING — you: process becomes the “focal point’’ 


for applying all of General Electric’s 40 years’ experience in design- 
ing, manufacturing, and applying industrial heating equipment. 
Expert G-E engineers advise and plan right with you from start to finish. 


FIELD SER VICE—<.r.’s nationwide field service stands 


ready to supervise your installation, help solve operating problems, 
and to perform emergency repairs at any time. 



















Centact the heoting specialist in your nearest G-E office 
fer additional information on G-E “Packaged” Heating 
Processes (or for information on electronic heaters and 
small heating devices); or, write Dept. 675-177, Apparatus 
Department, General Electric Company, Schenectady 5, N. Y. 
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GENERAL ‘3 ELECTRIC 
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HOT-DIP 





GALVANIZING 


alloys molten zinc 


to base metal 


The infallible testimony of the mi- 
croscope reveals why the applica- 
tion of molten zinc through the 
Hot-Dip Galvanizing process 
provides the utmost in rust pre- 
vention. Protective zinc (A) is first 
bonded to the base metal (D) by 
an iron rich alloy (C)—then a 
layer of rich zinc alloy (B)- ob- 
tainable only through the Hot-Dip 
process—seals out destructive 
elements that cause rust and cor- 
rosion. 


Proved Time After Time 


Time has convincingly proved, by 
thousands of case histories, that 
the Hot-Dip Galvanizing method, 
as employed by members of this 
Association, does provide longer 
life, greater uninterrupted service 
and effects tremendous savings in 
expensive maintenance and re- 
placement costs. 


Write for Membership Roster 


For membership roster or any in- 
formation in regard to your par- 
ticular corrosion problems, address 
The Secretary, American Hot Dip 
Galvanizers Association, Inc., First 
National Bank Bldg., Pittsburgh, Pa. 


hot-dip 


GALVANIZING 








Atomic Aircraft 


(Continued from page 746) 
shielding. However, this will 
require the release of energy at a 
high rate in a small volume. 
Although a nuclear reactor can 
potentially generate heat at a prac- 
tically unlimited rate, this heat 
must be conducted from the interior 
of the fuel rod to its surface and 
then transferred to the working 
fluid; this means high temperature 
differentials, high pressure drops, 
large internal surface areas and all 
other difficulties associated with 
high-power densities. Furthermore, 
the smaller a reactor is, the larger 
the ratio of its surface area to its 
volume and the easier it is for 
neutrons to escape without causing 
new fissions. A smaller reactor may 
therefore require a much larger 
investment of uranium in order to 
sustain the chain reaction. 

Shielding a material which is 
known to be good for stopping 
gamma rays may not be the best 
when gamma rays and neutrons 
are considered together, and a 
material which is good for the 
innermost part of the shield may 
not be best for the outer layers. 
Since we are dealing with a rela- 
tively thick shield surrounding a 
relatively small reactor, the appar- 
ent paradox holds true that, for a 
given mass thickness, the greater 
the density of the shielding mate- 
rial the lighter the shield! It should 
be realized in this connection that 
the radiation intensities must be 
reduced by factors of many billions 
before they are safe for humans. 
Also, the effect of intense radiation 
on the properties of the materials 
must be considered, and electrical 
resistance, elasticity and heat con- 
ductivity of graphite (for example) 
all change with exposure to intense 
neutron radiation. 

The airplane must be designed 
for very high speeds to take advan- 
tage of the special characteristics 
of atomic power. It certainly will 
be a large airplane. If it has a 
turbo-jet power plant, it will have 
to be designed for a landing weight 
which is equal to take-off weight, 
since practically no fuel will be 
used up in flight. Because of radia- 
tion, the crew locations should be 
placed as far away from the power 
plant as possible. 

These are some of the problems 
associated with the development of 
a nuclear aircraft power plant. 
They are not insurmountable, but 
by no means easy. 
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YOU'VE GOT 
TO BE SURE OF 
YOUR HARDNESS 
... INSIST ON 


J at 400 3 
TEST BLOCKS 


Price Each: $1.50, F.0.B. Detroit 


Your hardness tester is 
useful only when you 
are sure it is giving you 
accurate, dependable 
readings. You can rely 
on the accuracy of 
your hardness tester 
when you check it reg- 
ularly with CLARK 
standard test blocks. 
CLARK test blocks, 
in various hardness 
grades, provide a 
quick, sure and simple 
method of assuring ac- 
curate hardness tester 


reading. 


INSTRUMENT, INC. 


DEARBORN. MICHIGAN 












Seymour 
PHOSPHOR BRONZE 








Prompt deliveries of 1/8” to 2” diameter 
rod are now being made in both ouvt- 
standing Seymour Phosphor Bronze mix- 
tures listed below. 

s improved sé 
















To offer you thi rvice, We 
have built up 4 complet 
and ready-to-finish bar sizes. T 
ys to supply your immediate, emergency 
requirements from stock, OF make ship- 
larger, mill run quantities within 













ment of 
two or three weeks. 






HOR BRONZE 
LEAD 4% ZINC 


NG PHOSP 









REE TURNI 


SPECIAL F 
R 4% TIN 4% 


88% COPPE 

















Tensile strength PS! 60,000 
Elongation % in 2” 20 
Elec. Cond. % 1.A.C.S. at 20°C 12% 
Machinability 
(Free cutting Brass equals 100) 100% 
ducts. 


For all types of screw machine pro 
Also gears, bearings, Pinions, etc. U 
ion of excellent machin- 


ombination 
nd corrosion resistance 











ability, toughness o 
is a “must.” 


R BRON ZE 


GRADE 5B PHOSPHO 
1% LEAD 


94% COPPER 5% TIN 










Tensile strength PSI 60,000 
R () D Elongation % in 2” 20 
Elec. Cond. % 1.A.C.S. at 20°C 16 

js 100) 50% 


Machinability (Free cutting Brass eque 
cts demanding qualities of non-leaded Phosphor Bronze 


For produ 
cut, threaded or milled. Used on high speed automatic cutters. 


EYMOUR 


aa 


yet which must be 




















fe 
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Tempilstik 
Mgnt" | 






A simple method of 
controlling working 
temperatures in: 


© WELDING 

© FLAME-CUTTING 

© TEMPERING 

© FORGING 

© CASTING 

* MOLDING 

© DRAWING 

© STRAIGHTENING 

© HEAT-TREATING 
IN GENERAL 


it's this simple: Select the 


Tempilstik® for the working Also 
temperature you want. Mark available 
your workpiece with it. When in pellet 
the Tempilstik® mark melts, or 
the specified temperature has liquid 
been reached. form 





Available in these temperatures (°F) 




















125 275 500 1100 
138 288 550 1150 
150 300 600 1200 
163 313 650 1250 
175 325 700 1300 
188 338 750 1350 
200 350 800 1400 
213 363 850 1450 
225 375 900 1500 
238 388 950 1550 
250 400 1000 1600 
263 450 1050 





FREE —Tempil® “Basic Guide 

to Ferrous Metallurgy" 
— 16%” by 21” plastic-laminated wall 
chort in color. Send for sample pellets, 
stating temperature of interest to you. 


SERVICE 


CLAUD S. GORDON CoO. 
Specialists for 34 years in the Heat-Treating 
and Temperature Control Field 


Dept. 15 © 3000 S$. Wellece Si. © Chicege 16, Iii. 
Dept. 15 © 7016 Euclid Avenve © Clevelend 3, Ohie 


Case 


Munroe 


Effect ~ | Jt 


Bazooka Shells” 


ELIEVE it or not, Scribner’s 

Magazine in 1888 described the 
business end of the bazooka. 
Whether the article was placed in 
the wrong journal, or whether the 
facts recounted had only slight 
interest, Prof. Charles E. Munroe’s 
discovery of the intensified effect 
of an explosion at the mouth of a 
hollowed charge had to be redis- 
covered in Germany in 1911 and 
exhumed by U. S. Army ballistics 
experts during World War II. 

The “Munroe effect” is the basis 
not only of the bazooka’s power 
(which neatly drills a hole through 
heavy armor and pours through it 
a torrent of flame and _ melted 
metal) but also of “placed charges”, 
called “bee-hives” by the British, 
which blast a hole through thick 
reinforced concrete with an explo- 
sive charge carried and attached 
by one man. 


Rocket Shaft 


-Fuse 


Explosive 


Norma! 
Explosive 
Forces 

— Cavity 





OFF | 


‘and- 








& 


\ / — Ogive 


ms 4 


The shape of the hollowed 
charge is shown in the adjoining 
sketch of a sectioned bazooka 
rocket war head. The explosive 
forces on the periphery of the 
cavity liner, which presumably act 
with equal intensity in all direc- 
tions, will have a resultant force 
normal to the surface of the liner, 
working progressively down from 
its apex. If the cavity is symmet- 
rical, these forces meet at the axis, 
are additive, and thus concentrate 
the kinetic energy that would other- 

(Continued on page 752) 


‘* Abstracted from “Secrets of the 
Shaped Charge”, by George B. Clark, 








Ordnance, July-August, 1948, p. 49. 
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facts speak 
LOUDEST 


Dp 


At least one type of Molyb- 
denum high speed steel is 
listed and promoted on a basis 
of equivalent and interchange- 
able performance with tung- 
sten steel, by makers of high 
speed steel. 


a 


Users’ reportsof Molybdenum 
high speed tools everywhere 
indicate that performance at 
least equals and in many cases 
betters that of tungsten tools. 


of 


The heat treatment of Molyb- 
denum high speed steels is 
basically the same as that of 
tungsten steels. There is 
nothing in the treatment to 
confound those who are fa- 
miliar with the heat treatment 
of tungsten types. 


ofS: 


Molybdenum high speed 
steels save money in produc- 
tion—for proof send for our 
FREE booklet. 


Mi 
Climax Mo — 


500 Fifth Avenue - New York City 


Please send me a copy 
of your FREE BOOKLET 
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» Roos 


Here is Pangborn’s answer to the problem of cleaning heavy, 
bulky castings quickly, efficiently. The Pangborn ‘Turn- 
Style” Table cleans and loads simultaneously, as one of the 
cleaning platforms is always inside the cabinet while the 
other is in loading or unloading position. The operator is 
always free to load, unload and turn the tables . . . he’s 
not burdened by protective clothing or confined in the 


blast chamber. 


Prominent users of the Pangborn ROTO- 

BLAST ‘“‘Turn-Style” Table include General Electric, 

Skagit Iron and Steel Company, and Penn Steel Castings Company 

(where it cut a two man, eight-hour anchor cleaning job to/5 min- 

utes with one man). The “Turn-Style”’ Table is an ideal choice if 
you’re cleaning heavy castings and want top efficiency and speed. 


* Trademark of the Pangborn Corporatior 


RIGHT: Tables half turned 
BELOW: “Turn-Style” Table in operation 


WRITE TODAY! 


Write for complete informa- 
tion about Pangbern ROTO- 
BLAST Tables contained in 
the illustrated, informative 
Pangborn Bulletins 215 & 
217. Address: PANG- 
BORN CORPORATION, 
1404 Pangborn Bivd., 





BLAST CLEANS CHEAPER with the right equipment for every job 
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Exponsion Fitting 
Metal Hardening 
Aging & Stabilizing 


Sub-Zero Processing With Bowser 
Equipment Shrinks Production Costs 


Expansion fitting of finely matched sleeves, 
bushings, inserts and other close-tolerance 
work is faster because of rougher finish and 
greater tolerance allowance. 

Cutting tools last longer between grinds when 
subjected to —150° F. after heat treatment 
and before draw. Rockwell hardness of any 
ferrous alloy is usually increased after chill- 
ing. Castings are “aged” fast to overcome 
warping. 

You may want to write about a specific problem. 


Bowser engineers gladly supply data without obligation. 
They will appreciate the opportunity te be of service. 














Bazooka Shells 


(Continued from page 750) 
wise be spread over a considerable area of the sphere 
of explosive effect. 

Among the factors that affect the performance 
are stand-off (distance from target), type of explosive, 
height of explosive, kind of metal in liner, apex angle 
of liner, thickness of liner, confinement of charge, and 
the effect of the detonation wave in a cast-iron liner. 
Of these factors, none can be denoted as more impor- 
tant than any other. 

All the liners used in the tests were made as 
unmachined castings of lead, aluminum, aluminum 
alloy, and zinc. Liners made of metals of higher 
melting point were annealed. 

There is no apparent relationship between the 
melting points of the metal and its performance in 
producing Munroe jets. Brittleness, hardness. 
cohesiveness, and other properties appear to affect 
performance more than melting point. Lead, which is 
the softest of the metals tested and has the lowest 
melting point, produced lower penetration values than 
the other metals and made a wider crater. 

Aluminum, which has a higher melting point than 
zinc, gave lower penetration values than the zinc. 
This would lead to a possible conclusion that brittle- 
ness is one of the desirable characteristics of a metal 
for shaped-charge cavity liners. An aluminum alloy, 
with much higher tensile strength than any of the 
other metals, gave the best performance of any of them. 

Thus it appears that metals having a fortuitous 
combination of hardness, brittleness, cohesiveness, 
and ability to flow uniformly when subjected to high 
pressures give the best results in producing Munroe 
jets. 

Thickness of liner-penetration of Munroe jet 
(as measured on granite) depends on a complex 
relationship between apex angle of cone and thick- 
ness of liner. Optimum wall thickness for a 60° cone, 
3-in. mouth, made of cast iron, is about %& in. Slightly 
tapered walls (% in. thinner near apex) are more 
effective. 

Prior to experimenting with cast molybdenum 
steel cases, it was thought that a thick case would act 
like a breechblock for the charge —the Munroe jet 
being the projectile. Actually the improvement with 
3-in. walls was not so great as expected. 

In these tests, the total effect of confinement on 
the performance of shaped charges was to increase 
both depth and diameter of the hole produced. The 
mechanics of this increased effect are probably three- 
fold: (a) The action of rebounding gas molecules from 
the inside surface of the case has an effect on more 
complete and perfect detonation of the explosive, 
ensuring propagation of the high velocity of detona- 
tion; (6) much more of the force of the explosion 
itself is directed toward the point of least resistance, 
the cavity end of the charge; and thus (c) more of 
the explosive force is directed against the cavity liner 
itself to give a stronger jet. 

Dynamic pressures in the burning zone of a high 
explosive are so high that they will cause brittle cast 
iron to flow easily and will re-form it without 
apparent failure. 

There is probably little known about the actual 
processes of deformation of metals under these tre- 
mendous pressures. Both interatomic and _inter- 
crystalline forces are involved, but deformation 
happens so rapidly that the readjustments in the metal 
cannot be studied by methods now available. 8 
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